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rBEIACE 

TO   THE   PRESENT,    OR   SIXTH   REVISED   EDITION, 


By  the  original  contract  between  the  publishers  and 
compiler  of  this  Tvork,  provision  was  made  for  a  periodical 
revision,  in  order  that  new  and  important  discoveries  mighfc 
bo  introduced  without  delay,  and  the  work  be  made  to 
conform  as  much  as  possible  to  the  rapidly  advancing 
science.  These  revisions  have  been  carefully  attended 
to,  and  considerable  alterations  in  the  plates  from  time 
to  time  have  been  required;  the  whole  of  the  part  on 
Organic  Chemistry,  in  the  last  preceding  revision,  having 
been  rewritten  and  re  stereotyped. 

But  the  progress  of  the  science  is,  and  has  been,  still 
onward ;  —  new  and  important  facts  have  rapidly  been 
made  known,  and  new  views,  throwing  more  or  less  light 
on  points  heretofore  considered  obscure  and  doubtful,  have 
been  proposed ;  so  that  in  the  present  revision  an  entire 
recast  of  the  work  has  been  found  necessary.  Encouraged 
by  the  favor  heretofore  shown  the  work,  the  publisher  has 
cheerfully  incurred  the  expense  of  stereotyping  it  anew, 
including  the  preparation  of  many  new  illustrations ;  and 
the  results  of  our  joint  labors  are  here  presented  to  the 
public  in  a  book  substantially  new,  though  retaining  the 
former  title. 

The  changes  which  have  been  made  are  too  great  and 
important  to  be  discussed  here ;  —  for  a  knowledge  of  them 

1«  (V) 
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the  intelligent  reader  is  referred  to  the  pagea  of  the  work 
itself ;  they  are  such  only  as  the  new  aspects  of  the  science 
seemed  imp  era  lively  to*  demand.  The  principles  which 
have  been  followed  in  its  preparation  are  indicated  in  the 
extracts  from  the  advertisements  to  former  editions,  ivhich 
will  be  found  further  on.  Maoy  of  the  new  cuts  have 
been  derived  from  the  profusely  illustrated  work  of  Eeg- 
nanlt ;  others  are  original,  or  have  been  obtained  from 
miseellaiieous  sources. 

The  Grouping  of  the  Elements  adopted  is  nearly  the 
same  as  that  of  Gmelin;— it  is  not  free  from  objection, 
but  is  considered  the  best  yet  proposed  on  this  difGcult 
point.  In  preparing  the  remarks  introductory  to  the  part 
on  Organic  Chemistry,  important  aid  has  been  derived 
from  Dr.  W.  Gibbs'  "  Report  on  the  Recent  Progress 
of  Organic  Chemistry,"  prepared  for  the  American  Asso- 
ciation for  the  Advancement  of  Science,  and  printed  in 
the  Proceedings  of  their  ninth  Meeting,  at  Providence, 
R.  I.,  August,  1855. 

Many  thanks  are  duo  to  teachers  and  other  kind  friends, 
for  judicious  suggestions  and  encouraging  words  during 
the  preparation  of  the  work ;  and  it  is  now  offered  to  the 
public  in  the  confident  expectation  that  it  will  be  found 
not  less  adapted  for  use  in  the  school  or  lecture-room  than 
preceding  editions. 

MiDDLETOWN,  Ct.,  July,  1856. 
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EXrflACT  FROM  THE  ADVERTISEMENT  TO  IKE  FIRST  EDITION,    (1840.) 

The  preparation  of  tlie  following  pagea  waa  undertaken  bj  the  ndiiee  of  the 

!ato  lamented  President  of  the  Wealeyan  Unlrersity,  with  the  piimarj  design 

of  proviaing  0.  Buitabla  Teit-book  on  ChemlBlrj,  for  the  beb  of  the  annual 

fllasses  In  that  institntion. 

Ihere  are  Indeed  already  before  the  pnblie  many  excellent  works  on  this 
branch  of  aoience,  the  peat  merits  of  wliich  tlie  aubsoriber  is  happy  to  asknow- 
ledgej  but  bo  long  since  became  conrineed,  from  his  experience  ia  teaching, 
of  the  need  of  a  work  of  alitUs  different  oharacter,  for  the  special  use  of  students 
in  our  higher  semin/uries  of  learning,  as  a  text-book.  Ths  object  of  a  great 
majority  of  students,  even  of  those  nho  pursue  a  collegiate  course,  is,  not  ti 
make  themselves  fttiniliar  wilh  minuta  details  of  facta  or  proceaaoa  of  mani- 
pnlntion,  but  to  understand  the  great  principles  of  tbe  aoienoe,  and  the  leading 
facta  itbioh  serve  for  ila  foundation.  To  facilitate  the  aoooraplisbment  of 
this  purpose  is  the  object  of  the  pieaent  nork.  In  preparing  it,  the  excel- 
lent "  Blemenla  of  Chemiatry"  of  the  late  Dc.  Turner  has  been  adopted  aa  the 
basis,  and  all  of  that  work  incorporated  in  it  which  Has  suited  to  our  purpose. 
Ills  arrangement  baa  been  uniformly  followed,  with  a  few  unimportant  esoep- 
tions,  which  it  ia  not  necessary  here  to  particnlatiia.  This  arrangement,  on 
Ihe  whole,  ia  considered  the  best  that  has  ever  been  proposed. 

Thepartof  Dr.  Turner's  work  omitted  is  taken  np  chiefly  with  detiuls  of  (acts 
and  discussions  of  opinions  and  theories,  nblch  indeed  ia  Important  in  a  work 
dosigned  for  the  general  student,  but  which  would  be  out  of  place  in  a  book 
prepared  expressly  to  be  uaed  aa  a  teit-book.  Its  place,  however,  bos  been 
in  port  supplied  by  matter  compiled  from  varioua  other  souroos,  so  that  the 
nork  is  thought  it  be  sufficiently  large  for  the  ordinary  use  of  students,  as  the 
atady  of  this  aoience  ia  nanally  pursued  la  tbiaeouatry.  It  has  constantly  be eu 
an  objeot,  while  the  work  should  be  true  to  the  science,  and  present  in  true 
proportion  all  its  important  featnrea,  to  make  it  at  the  same  time  as  practical 
as  poEslble  {  to  lead  the  student  to  apply  the  principles  be  learns  to  the  solu- 
tion of  natural  phenomena,  or  proceaaes  he  may  witnosa  in  the  aria. 


EXTRACT  FROM  THE  ADVERTISEMENT  TO  THE  SECOND  EDITION, 
In  the  present  edition  the  work  haa  been  carefully  revised,  and  indeed  re- 
compiled from  the  acventh  edition  of  Tamer's,  and  many  addiliona  made  to 

The  extracts  from  other  authors  are  always  iutrodnced  in  their  own  lan- 
guage, except  in  caaea  where  it  wpfl  necessary  to  make  some  little  change  to 
Incorporate  the  extract  the  better  with  the  passage  with  which  it  comes  in 
connecboD,  In  a  few  inslancea  tho  names  of  authors  are  introduced  in  the 
Ij'xt.  To  avoid  the  necessity  of  constantly  introducing  quotation  maiks  and 
references,  a  list  of  the  authors  which  have  been  used  will  be  girea. 

To  fijcilitiite  the  acquisition  oCthe  science,  tbe  text  is  divided  into  paragraphs, 
and  numbered ;  and  references  to  important  facts  and  principles  introduced  as 
frequently  aa  they  seemed  necessary.  As  in  many  inslitntions  so  much  time 
cannot  be  devoted  to  this  science  as  would  be  requisite  for  a  thorough  study 
of  tho  whole  work,  the  less  important  parts  have  been  printed  in  amallec  type, 
which  may  be  omitted  on  the  first  reading.  The  intelligent  student,  however, 
it  is  hoped,  will  not  be  satisfied  without  a  perusal,  at  bis  hours  of  leisure, 
of  the  whole  work.  (vii) 


H.,t.db,  Google 


LIST  OF  WOUKS 

E  Oil  LESS,  IN  THE  PREPASillON  QL'  IHIS  WORK. 


Chemistry  of  Organlo  Bddies,  bj  Thomson. 

Do.  Inoresole  Bodies.    Two  vols. 

Tlre^  WetloBiiiT  M  Chemistry.    TwoToia. 

lEnojoIopedlaMaliopolltaDa.   A[tii^B,Elee(TO-mtgaells[ii,EleotTldlj,GalYBDi3Di,Ueat, 
JAsht,  and  OSiemlstrj. 
LibruT  of  Usafnl  Knowledge.    ActloJen,  Mcctciidtr,  GBlvaniam,  MBgnetieni,  Bleolro- 

Tbomsoo's  OatUnes  of  the  Sdences  of  Ileal  Bud  Electticltr. 

iTBlti  do  Chlmle,  par  J.  J.  SecseHiu ;'  ttarliiit  par  Me.  EsellDger.    Hult  Comes. 

jll)r«g6  Memmtalre  de  Chloiie,  par  J.  L.  Lassolgne.    Deui  tomes. 

Orpmlo  OhemiaBl'  ia  Its  applicaUona  (o  Agcioulture  and  Phjriologj,  by  LieWg.  edilsJ 

A  aimal  Chemistry,  oc  Oi^aulc  Cheoilstr j  InitaitppllcaUoiislo  Phjelology  and  FatholegJ, 
byLieWg. 
Lectures  on  Apicoltural  Chemistry  and  aoologj,  by  J.  F.  W.  Johoslon. 

Tbom8nn'H"Rrst  Principles."    TwoTols. 

Prof.  eUlhnaii's  Ohamlstry.    Two  Tola. 

Prof.  Hiis'a  Compendium  oC  Chemistry. 

Fstsday^  Chemlml  ManipulHtJon,  edited  by  Dr.  J.  K.  MituboU. 

Tbomaon'B  HiBtoiy  of  Chsmtairy.    Two  Tols. 

A  TiutlBB  on  Ohwntato  tif  Mlobaol  Donovan,  Baq-j  Lardner'a  Cabinet  Cyclopedia. 

Prof;  John  V.  WelBtQ^  MBUasI  of  Chemistry,  on  llie  basis  of  Prot  Jtrande'e. 

Unitoa  Btatetf  Mspcnsatory,  by  Dts.  Wood  ancl  Bs^k. 

Amerian  Joornai  of  Bdence  and  the  Arts,  ronfluoted  by  Prof.  SilliinnB. 

Henry's  Elemenlg  of  Chemis^.    Three  Tols. 

OleaTslan^B  AlluenJogy  and  Geology. 

Dao^B  lOsaralagy. 

Shepherd's  Mineralogy.    Three  vols. 

Orian's  Chemical  Kecreatlons. 

lake's  Oh^loal  OatoOhlBm. 

ChaplsVs  Cheoiietij  appliKI  to  AgrSsnlturc. 

i;!ament8ofChoiidstry,hyM. Laroi^er.transliljia  from  fLe  Frenuh  hjK, Kerr,  F. U.S. 

WalsoB'a  Ohamlosl  Bassys.    rive  toIb. 

Noad'g  ObeminJ  ManipulaUon  and  Analyds. 

So.    lAotBrssoaMectrldty. 
Knapn's  Caiemlal  Technology.    Yols.  I.,  II. 
Glbbe'KopDrt  mi  the  Eecant  Progress  of  Orgsnio  Chemistry. 
flmeUn's  IM  Hwid-look  of  Cbamistry,  translated  by  Henw  Watts.    Vols.  I.  to  IX. 
1^iut6  daChlmle  Eifimentaire,  TheoriQue  et  Pratique,  par  L.  J.  Thenitrd.    Cinq  t^mes. 
Cours  de  Ohimle  BlSmentaire,  par  A.  Eoucbardat.    Daui  tomes, 
Lejons  snr  la  FbilaBophle  Chimio,  piofeea^cs  an  College  de  France,  par  M.  Sumai. 

par  J.  J.  Bereelins.  '       ' 

Tnlte  da  inneTBlogle,  pac  H.  I/AbbS  HsUy.    Quitre  tomes. 

Eltownla  de  Phyalque,  eto.,  par  M.  Pouillet  do. 

Lohrbocli  der  Ohimle,  nm  B.  Mitschwljch,  Berlin,  ISH. 

<Jmndrls3  der  Chimle,  von  Ptvf^ssor  Br.  B.  F.  Bunge. 

Cours  da  Chimio  flenerale,  par  J.  PdouM  at  B.  Fromy.    Trois  tomes,  amompnanS  d'ua 
AtlM  de  46  Planches. 

Cerbardt  (Ch,),  Irait£  ChlmieOiK&nlqae. 

Ff^anlt,  Cours  El^ment^ire  de  Chimin. 

The  same,  tianeUted  iolo  English  by  Dr.  T.  F.  Betlon,  M.  S. 

naire  dcs  Sciences  Katurellm,  Annalcs  de  Chlmle  et  de  Physique,  the  various  BucyclopediM, 


Ho.led  by  Google 


CONTENTS. 


PART  I 

THE  IMPONDERABLE  AGENTS. 

lHrilODUC1iIO!1 13 

I.  HEAT. 

N  1       ad  Sonrcea  of  Heat 17 

Expan     n   f  Bodies  by  Heat IS 

Th    m  m  t  cs 22 

D  t   but   n  of  Heat 2'J 

Relat   n    f  Heat  to  Changes  in  the  State  of  Bodies 36 

Sp     fi    H  at. — Capacity  of  Bodies  for  Heat 53 

n.  LIGHT. 

Hatnre  and  Sonrcea  of  Light GO 

Distribution  of  Light 05 

DeoomposiOon  of  Light G8 

m.  ELECTRICITY. 

Nature  of  Electricity, — Electrical  Theories 74 

DJetribudon  of  Eleetrioity 78 

Sources  of  Electricity 81 

GnlvamBm 88 

Effects  of  Galvanio  Electricity 102 

Electro-magnetism Ill 

PART  II. 

GENEBAL  CHEMISTRY. 

The  Elements. — Chemical  Affinity 137 

Laws  of  Combination, — Atomic  Theory 143 

Nomenclature  of  Chemistry.— Symbols 151 

Crystalography 158 


Ho.led  by  Google 


T  E  N  T  8 


PART  III. 
SPECIAL  CHEMISTRY— INOEGANIC. 


Classw      t  oh  o   E  bme 
Metall  b  H  n  111 


Ckoup  I  —  0  yg  n 
11   It 


Group  II  —  Cli! 


Group  IV 

Ph    ih 

Ars 

Gaoup  V 

C    b  n 

SI     a 

Boron 

TheM 

Genera    P 

ER 

Gnoup  I 

r  t 

Lth 

Am 

Group  II 

r 

C  I 

Me 

GiifJUP  m 

-U  m 

H.,t.db,  Google 


CONTENTS 


QnoiTF  IV. — Mnnganeac S45 

Iron as 

Chramium 357 

Zinc ~ 869 

Cadmium 862 

Tin 862 

Cobalt 864 

HIckel B6S 

Gboop  V.  —  Antimony 865 

Bisranth 8C7 

Copper 871 

Vauadinm 873 

HolrMenum 873 

Tungsten 873 

Titanium 373 

Uramum 3Td 

Columbium 374 

Tantnlum 874 

Gaotrp  VI. — Mercury 374 

Silver 881 

Gold 38S 

Platinnm 889 

Osmium 391 

Indinm 392 

ralladiuia 392 

Rliodium 802 

RutJionium 892 


PART  IV. 

SPECIAL    CHBMISTEY— ORGANIC. 

Gknekal  Pkopeilties  or  Oboanic  Bodies 393 

Stakch,  SnoAXi,  Gdm,  Iiqkike 40.'j 

Stiircb,  or  Fecnla - ...._ 405 

Sugars „ 408 

Gums 411 

Woody  Fibre,  Lignine,  Celluloae 412 

Alcohols  and  SoBSiiNCHs  Dbritbd  sromTuem 41H 

WineAlcsoliol 418 

Methylio  Alooliol,  or  Wood  Spirit 428 

Amylic  Aloohol 480 

Sulphur  Alcohols,  or  Mercaplaas 43a 


.Google 


ClIIFBI  — roFPLFD     OK  ViNIG     VoiD' 

Ether'^  of  Wiae  Alcohol 
I    Simplo  Ether' 

II    Compound  Ethers 

Ethers  of  Methylio  Aloohol 

I   Simple  Ethers 

II   Cnmpound  Elhcra 
Fthera  ot  Amjlii,  Aloohol 
VoiiTiiE  on  Essential  Oils 
Ciil]ohTdroaeii  Volatile  OiIb 
O^igeimted  Volatile  Oila 
Sulphuretted  Volatile  Oils 
Camphora 
Coumanne 
Fiitn  011.3  ANB  Pats 
Gljcerme 

Rteinne  and  'iti.ano  Aoid 
Margarine  end  Murganc  Acid 
Oleine  and  Oleic  Acid 
Other  Promoate  Printiplos  of  the  Fats 
Soaps  anl  Plasters. 

El  SIHOUS  SUDSTANOES 

VEaETABLB  AoiIlS  SOT  IBOIUDBD  IM  PitEClDIHO  GeOCTS 

Obgabio  Alkaiu',  oe  Alkaloids 

AtK\I.OinS  OP  THE  ETHEKS,  ok  CONJCQiTED  AhMOKIAS 
OaOiMIl,  COIOEINQ  MiTTKRa 

TiiE  Anises  ahs  Niteiies 

CiAHOfEM  AND  ITS  COMPOUNDS 

Compounds  of  Cyanogen  and  Oijgen 
Compounds  of  Cyanogen  and  HTiirogen 
Ealphocj  anates  or  Sulphocvamdea 
Componnds  of  OTaiio(!Pn  and  the  Mcfals 
Doable  Cyanides  — Polyoyamdea 

ILBDBIINOU',  OB  PBOTBINE  COMPOUNDS 
CnElIIOAIi  PUBNOMENA  OF  VeOETATION 
CuMPOSITIO'?  OF  THE  ANIMAL  TlSSTTliS 
TUE  llOOn  — PhENOMBBA  of  EBSPIEATIOH  and   DlQESTIO- 

The  Blood 

Phenomena  of  Digestion 

Plienomeni  of  Petpiration 

Sn  LrAL    iaiM  U  SccrLTIONS  AND  E\CEETIONS  M'T  BEfOr 


Ho.led  by  Google 


MANUAL  OF  CIIEMISTKT. 


PART  I. 

THE   IMPONDERABLE  AGENTS. 


INTRODUCTION. 

1,  We  recognize  is  mafter  or  substance  whatever  possesses  tlm 
four  properties  of  extonsioii,  impenetrability,  inertia,  and  gravity, 
or  weight.  By  the  first  ot  these  properties  every  body  occupies  a 
portion  of  space ;  by  the  second,  it  refuses  to  allow  another  body 
to  occupy  this  space  at  the  same  time  with  itself;  by  the  third,  it 
is  incapable,  of  itselt,  of  changing  its  state,  whether  of  rest  or 
m  n  nd  by  he  fourth,  if  unsupported,  it  falls  to  tho  earth. 
W    te      d       n     po'iscss  all  these  propeities  is  not  recognized  as 

2  N  u  oe  embiaces  the  whole  langc  of  material  things ; 
h  p  p  ho  changca  thi,y  are  eipable  of  undergoing,  and 
h       w     f    h        hanges 

3  A    h     b       suggested  by  G-mehn,  all  the  changes  of  which 
p  Bi  tter  13  capable  may  be  leferred  to  the  three 

e  i  Mfpuhi  n,  Attt  action,  and  YitalUy. 

4  Bepu     on      manifest  in  the  piopertyofmatterdcnominated 
p  d  in  thp  espansion  of  todies,  especially  by  tho 

fl  as  will  le  shown  heieafttr 

Q  —  Vhat  is  matter  or  substance?     Uefinc  itbiLt  is  menut 

IT  p  E3  mentioned.  —  2.  What  does  Naiurai  Sdence  era- 

T    w  three  causes  may  all  changes  of  matter  be  referro'l ! 

i        vb  Ision  manifest? 

2  (1») 
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5.  Attraction  manifesla  itgulf  in  a  variety  ni  forms :  1.  As 
Gravitaiion,  or  that  force  which  acta  at  all  distances,  however 
great,  and  between  the  largest  masses.  2.  Ooliesion,  or  ihat  force 
which,  acting  only  at  distances  immeasurably  small,  unites  tlie 
parts  of  the  same  mass.  3.  Electrical  and  Magnetia  Attraction. 
4.  Cliemical  Attraction  or  Affinity,  which  acts  only  at  insensible 
(iistaneos,  and  between  the  ultimate  particles  of  bodies,  and  pro- 
duces homogeneous  compounds. 

6-  Vitality  is  that  peculiar  force  or  power,  possessed  both  by 
animals  and  plants,  by  which  the  simple  af&nities  of  the  various 
substances  contained  in  their  bodies  are  so  modified  and  controlled 
in  their  aotjon,  as  to  produce  the  complex,  and  almost  innumerable 
organic  compounds,  such  as  sugar,  woody-fibre,  albumen,  &o. 

Chanf-GB  produoefl  by  all  tlie  Tsrieties  of  attmction  above  mentioned, 
except  the  fonrlhjOr  last,  pertain  properly  to  Physics  or  Natural  PliiloBO- 
phy ;  wliile  those  produced  by  Apnity,  either  aloue,  or  as  it  is  confrolleii 
by  Titality  in  the  bodies  of  planta  and  animals,  belong  to  Chemistry. 

The  changes  produced  hy  the  aoUon  of  afGnity  oonsiet  in  tlie  coiabiniu 
tion  of  dissimilar  substances  into  a  homogeneous  mass,  or,  oceasionally, 
the  separation  of  dissimilar  suljsianceB  from  a  homogeneous  mass.  We 
may,  tlierefore,  define  Chemistry  as  the  scienee  which  treats  of  the  com. 
bination  of  dissimilar  sabstnnoes  into  homogeneous  compoanda,  and  of 
the  separation  of  dissimilar  bodies  fi'om  bomogeneous  compounds. 

7,  MoleculeB  or  Atoms. — All  bodies,  it  is  believed,  are  made 
up  of  infinite  numbers  of  indefinitely  small  particles — too  small  to 
be  detected  by  the  eye,  even  when  aided  by  the  most  powerful 
microscopes — which  are  called  mokcuTcs  or  atoms  (from  a,  priva- 
tise, and  temno,  I  cut),  indicating  their  supposed  indivisibility. 
Our  knowledge  of  tbem  is  obtained  indirectly,  as  we  shall  see 
hereafter;  bat  it  is  believed  that  all  the  molecules  of  the  same 
substance  are  precisely  alike  in  weight,  size,  and  form,  as  well  as 
other  properties. 

8.  Simple  and  Compound  Bodies,— Prom  what  has  been  sail! 
above,  the  distinction  between  simple  and  compound  bodies  is 
obvious.     Simple  substances  are  such  as  are  believed  to  be  com- 

QuBSTiONS. — 6.  What  are  the  different  varieties  of  attraction  !  nefiiin 
the  several  varieties.  —  6.  What  is  vitality!  What  changes  pertain  !,i 
Nalntal  I'hilosi^ihy  01  Physics?  What  to  Chmiistry?  The  changes  p,.,- 
duoed  by  the  action  of  affinity  consist  in  whatt  — 7.  Of  what  are  iill 
hodies  composed!  Do  we  have  any  diroot  knowledge  of  tliiise  atoms!— 
8.  What  are  limpU  bodies  f 
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piised  of  only  one  kind  of  particles,  as  carbon,  sulphur,  copper, 
iiiid  gold ;  compound  substances  are  composed  of  two  or  more  kinds 
of  partiulea,  wbiok  are  held  in  Tiuion  more  or  less  intimate  by 
tlieir  affinity.  The  separation  of  the  eleaieats  of  a  compound  h 
culled  its  decoii:posttioa. 

The  compositioo  of  ft  body  idaj  be  dptenuincJ  in  two  ivoyE,  analyti- 
cally or  ayntheUoally.  By  analysh,  tlie  elements  of  a  eonipound  ore 
separated  from  one  another,  as  nlien  nuter  is  resolved  by  the  agency 
of  galvaiiiaiQ  into  oiygaa  and  hydrogen  ;  by  syntkesia  they  are  made  to 
PunibinB,  as  when  oxygen  and  hydrogen  unite  by  the  electric  Epark,  nnd 
(generate  a  portion  of  water.  Each  of  tbese  kinds  of  proof  is  satis- 
factory !  bnt  when  they  are  conjoined — when  we  first  resolve  a  paitiole 
of  water  into  its  elements,  and  then  reproduce  it  by  causing  them  to 
unite— the  evidence  is  in  the  highest  degree  conclusive. 

9.  Matter  is  Indestructible ;  that  is,  it  cannot  be  made  to 
cease  to  exist.  This  statement  seems  at  first  view  contrary  to  fact. 
Water  and  other  volatile  eubstancea  are  dissipated  by  heat;  and 
coals  and  wood  are  consumed  in  the  fire,  and  disappear.  But  in 
these  and  other  similar  phenomena,  not  a  particle  of  mutter  is 
annihilated  :  the  apparent  destruction  is  owing  merely  to  a  change 
of  form  or  of  composition.  The  power  of  the  chemist  is,  therefore, 
limited  to  the  production  of  these  changes. 

10,  Different  Forms  of  Matter. — Matter  exists  in  three  forms 
or  states :  the  solid,  liquid,  and  gaseous.  Besides  these,  there  are 
the  three  imponderable  agents.  Heat,  Light,  and  Electricity, 
which,  if  they  are  ever  proved  to  be  material,  will  constitute  a 
fourth  form  of  matter. 

It  is  believed  (hat  tlie  particles  of  a  sobstance,  even  the  most  soliti, 
ore  never  in  actual  contact,  but  are  held  in  close  proiimily  by  the  two 
opposite  forces  uf  atlraotiou  and  repulsion ;  and  that  the  particular  state, 
whether  solid,  liqnid,  or  gasaoua,  in  which  a  body  ia  seen,  depends  upon 
the  relative  intensity,  for  the  time,  of  these  forces. 

If  the  force  of  attraction  altogether  preponderates  ia  a  body,  it 
s    o!  I   and  the  pai-ticles,  in  genera!,  are  held  firmly  in  their 

Jul  t  O'S"  — ^hat  are  compound  bodies?  Give  an  illustratiou.  In 
wlat  two  modes  may  the  composition  of  a  body  he  determined!  Ei- 
p  a  n  analy  9  anil  aynthesls.  — 9.  Can  matter  be  destroyed  V  To  wliat 
a  the  I  ower  of  the  chemist  limited  1—-10.  What  different /orms  of  matter 
re  tl  e  e'  ^that  is  aaid  of  tJie  imponderable  agents!  Are  the  parti- 
cles of  matter  ever  in  contact!  Upon  what  will  tJie  Btoto  of  matter  in 
any  particular  case  depend  !  Arc  not  the  particles  of  solltls  in  contact '. 
What  reasons  are  given  for  this  opinion  ! 
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places,  and  are  incapable  of  motion  among  tLemselves,  But  the 
particles  are  not  la  actual  contact,  for,  by  cooling,  or  by  great 
pressure,  tbe  dimensions  of  any  body  may  ha  contracted,  and, 
therefore,  its  partiolea  brought  nearer  to  eacli  other.  This  will 
appear  more  fully  hereafter. 

In  liquids,  there  is  a  degree  of  cohesion  among  tho  particles 
which,  however,  are  capable  of  perfectly  free  motion  among  them 
selves.  That  there  is  a  degree  of  cobesion  existing  between  the 
particles  is  shown  by  the  drop,  which  is  composed  of  particles  held 
together  by  a  slight  force;  but  this  sliglit  force  docs  not  interfere 
with  tbe  freedom  of  their  movements. 

Gases  are  distinguished  by  their  tendency  to  expand,  or  enlarge 
their  volume,  when  ezlernal  pressure  is  removed.  In  them  cohe- 
sion is  entirely  wanting.  The  term  Jluid  is  applied  to  both 
liquids  and  gases. 

Some  GubstOinces  are  foiind  nutur^ill;  existing  in  one  of  tlieee  states, 
mill  some  in  another;  and  miiny  can  be  made  to  pass  from  one  state  or 
form  to  another,  simply  by  varying  their  temperature,  or  the  prassure 
to  which  they  are  exposed.  Thus,  water  at  a  moderate  temperature  is 
liquid,  but  in  the  cold  weatlier  of  winter  it  freezes,  that  is,  becomes 
Balid ;  and  if  it  be  heated  sufficiently,  it  is  chonged  into  steam,  or 
becomes  gaseous.  Tiie  metal,  platinum,  is  found  always  ia  tlic  solid 
state,  thoogh  it  may  he  melted  by  very  great  heat ;  but  carbon  ia  known 
only  OS  a  solid.  Several  subslances,  found  naturally  in  tie  gaseous  state, 
may  be  changed  to  liquicls  by  great  pressure,  or  by  extreme  cold ;  and, 
by  a  still  greater  cold,  some  of  them  may  be  froies.  Others,  as  atmo- 
spheric  air,  have  hitherto  resisted  all  attempts  to  reduce  them  to  the 
liquid  or  Boliil  form. 

Heat,  light,  and  electricity  are  said  to  be  imponderable,  because  tlicy 
possess  no  appreciable  vteight;  but  tJiey  certainly  eihibit  some  of  the 
ordinary  properties  of  matter.  They  may  be  aooumnlated  iu  bodies,  are 
capable  of  being  attracted  and  repelled,  and  often  produce  various  che- 
mical and  ciechanical  effects.  But  because  they  possess  no  weight,  so 
far  as  we  can  determine,  many  choose  to  consider  them,  not  as  matter, 
but  only  properties  of  matter. 

Qdbstions.  —  Is  there  any  cohesion  among  the  particles  of  liquids? 
How  is  this  shown  !  How  are  gisea  dislinguisiied  1  How  is  tbe  woi'd 
Jliiid  used  ?  What  is  said  of  tlio  natural  state  of  substances  ?  Wtiiit  are 
ihe  imponderables  ?    Why  are  Ihey  so  called  ? 
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11.  The  word  JTeat  is  used  indisoriminatoly  to  iodicatc  the  sen- 
sation we  esperieaco  by  placing  the  hand  in  contact  with  a,  heated 
budy,  or  the  cause  of  the  sensation.  To  indicate  the  latter,  the 
word  culoTVi  has  sometimes  been  used. 

The  diaouBsion  of  fhia  subject  properlj  pertains  to  Phjaics,  or  Natural 
riiilosopbj,  (6,)  but  the  agenej  of  heat  is  so  iutimatelj  oonnpcted  with 
ncarlj  sU  chemical  olianges,  that  a  treatise  upon  Chemistry  -would  be  im- 
peifeot  without  a  previons  development  of  some  of  its  more  important 
laws  and  phenomena. 

12.  Nature  of  Heat.  —  Heat  cannot  be  obtained  separate  from 

■■   ■     '     '  *"  '    .  -  !■  -  35^0  arc  able  to  determine, 

not,  therefore,  (10,)  believed 
B  effocis,  aod  its  relations  to 
s  an  exceedingly  subtile  fluid, 
5I  each  other,  but  are  attracted 
]f  being  transmitted  through 
ind  of  being  aconmulated  in 
I  in  all  bodies,  and  cannot  be 
if  a  substance,  however  cold, 
rbich  is  stlil  colder,  a  tbermO' 
ite  the  escape  of  heat, 
bodies,  but  is  self-repellent,  as  is 
isily  movahle,  when  heated  in  a 

13.  Sources  of  Heat. — The  chief  sources  of  heat  are  :  the  Sun, 
OoTnbustion,  and  other  chcmicai  changes.  Friction,  Electricity,  and 
Vital  Action. 

The  Sim  is  the  great  source  of  heat  to  our  system.  The  jnten- 
siiy  of  the  solar  heat  appears  to  bo  directly  in  proportion  to  the 
nvimber  of  rays  that  can  be  collected  upon  a  given  surface  ;  and 
at  one  time  philosophers  were  able  to  produce  a  greater  boat  by 

QOKSTIONS.  — 11.  How  is  the  word  Heat  naed  ?  Catorkf  Is  the 
aitQiioy  of  heat  connected  with  chemical  chsinges?  — 12.  Can  heat  ba 
rpiiiainod  separate  from  mntterl  Do  we  speali  of  heat  as  being  material? 
1?  Iieiit  present  in  all  bodieB  ?  Is  it  attracted  by  matter?  — 13.  What 
s-iiras  uf  hcit  aro  mentioned  1  llovr  may  (lie  sun's  rays  bo  concentrated 
i:j  as  to  produce  a  great  heat! 

2.  /17) 
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cnllootiDg  the  sun's  rays  by  means  of  tlio  eonves  lens  or  coiicav 
mirror,  than  by  any  other  mode. 

But  although  the  bud'b  rajs  Bra  not  made  use  of  in  tho  arts  vhat 
great  heat  ia  required,  yet  their  momentous  importance  to  nil  Uie  inhn* 
bitiints  of  Uie  earth  cannot  he  over-eatimateiJ.  Without  tliem  all  tlie  water 
upon  the  face  of  the  globe  would  soon  he  congealed,  nod  animal  and  vego 
tattle  life  oease  to  exist. 

Combustion  is  the  great  source  of  artificial  heat,  as  the  sun  i, 
the  source  of  natural  heat.  Besides  wood,  nature  has  provided 
iiiimenae  deposifs  of  combustible  material,  in  the  form  of  mineral 
coal,  in  the  hosom  of  the  earth.  These  are  found  in  almost  every 
country,  and  seem  to  be  provided  ly  the  Creator  as  an  unfailing 
resource  for  man,  when,  from  the  mciease  of  the  species,  or  from 
his  own  negligence  or  extraviganoe,  the  suppljfrom  the  vegetable 
world  should  fail  or  become  deficient 

IViclinn  is  a  well-known  source  of  heat  By  the  friction  of  the 
parts  of  heavy  raacbinery,  especially  when  not  well  oiled,  heat  has 
often  heeu  evolved  sufiicient  to  ignite  wood ;  and  the  same  effect  ia 
said  to  have  been  produced  ia  ships  by  the  rapid  descent  of  the 
eahle.  Some  tribes  of  the  aborigines  of  this  country  were  accus- 
tomed to  kindle  their  fires  by  rubbing  smartly  one  piece  of  wood 
against  another.  In  the  boring  of  cannon,  heat  enough  has  beea 
evolved  lo  raise  the  temperature  of  a  considcrablequantity  of  water 
so  iis  to  boil. 

The  heating  effects  of  elecirioity  will  be  considered  hereafter. 

The  influence  of  vital  action  in  developing  heat  is  seen  in  all 
wnrm-blooded  animals,  which  are  maintained  at  a  temperature 
often  much  above  that  of  the  air  and  other  surrounding  bodies, 
though  heat  must  constantly  be  escaping  from  them. 

EXPANSION   OF  BODIES    BY    HEAT. — TIIERJIOMETBRS. 

14.  All  bodies,  with  a  very  few  exceptions,  expand  when  their 
temperature  is  increased,  and  contract  when  it  is  reduced.  How 
this  effect  is  produced  we  really  do  not  know,  hut  appearances  in- 
dicate that  the  particles  of  heat  entering  among  the  particles  of  the 
body,  partially  overcome  their  cohesion,  and  cause  tiiera  to  sepa- 

QuBSTiONS. — AVhat  is  the  great  source  of  aitHioial  heat !  IVhat  is  said 
of  friction  ae  a  source  of  heat?  —  14.  Ave  all  bodies  cxpandetl  hj  heat? 
How  aie  hodies  affeoted  bj  a  reduction  of  their  tomperaturo  1 
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nite  farilier  from  oacli  other.  On  the  otlicr  liauH,  when  the 
particlea  of  heat  are  withdi'awn,  the  moleeulea  of  the  body  are 
allowed  to  approximate  each  other  more  closely.  A  substance  is 
therefore  less  dense  when  heated,  than  when  cold. 

15,  Expansion  of  Solids. — The  expansion  of  solids  by  heat  is 
not  Tory  considerable,  but  may  easily  be  made  -^ 

very  sensible.     Let  a  bar  of  brass  be  accurately  1 1 

litt  d  into  a  gau^e,  when  cold    and  then  let  ?B 

It  bo  shfjhtly  heated ,  it  will  be  found  t  j  have  !| 

increased  so  much  in  length  is  cot  to  ht  the  ^ 

giu^e      If  the  giuge  be  also  male  ot  brai^*,  I 

lul  the  espoiioieut  perfoiined   in   the  wirra       , —       1      ■-■■■. 

weithor  of  summer,  the  fxme  res  It  wdl  ho     ^ __/3 

pic  lulled  by  coohug  the  gauge  m  icc  water,    I  ^ '  f 

because  of  its  contriUion  by  the  cold      I  his     Espans  no  loi  s 
expeuinent  inditates  a  change  only  in  knj^th  but  a  eorrt,tt[.cnding 
change  is  at  the  same  time  piodui,eJ,  1   Ih  in  bieadth  and  tbiok- 
ness,  as  may  be  demonstrded  m  lanous  modes,  whioh  the  lageiuout 
student  will  readily  daviie 

16.  Different  Sohds,  mhen  cqudly  heited,  do  not  expand 
equally;  evciy  lubstince  posse^e^  an  expansibility  peculiar  to 
itself.  But  a  body  expand<.d  by  heat  and  again  coolei  to  Iht. 
same  (emperatuie  it  h  id  at  first,  sufFtrs  no  change  in  its  dimensions 

Noc  does  the  same  sntstanoe  espaod  equally  at  oil  temperatureB  with 
on  equnl  increase  of  heat;  in  general,  the  aspansibility  increases  ivilh 
the  temperature.  TbnFi,  a  body  Lcatect  ten  degrees  nt  a.  liigli  tempera^ 
Sure,  espaiids  more  than  when  tlie  Bame  omount  of  heat  is  added  ot  a 
low  temperature. 

The  different  expansibility  of  the  two  metals,  copper  and  plati- 
num, may  be  shown  by  soldering  together  a  tliin  slip  of  each,  and 

applying  a  moderate  heat  to  the      , — -— — — - — -j 

compound  bar.    Eoth  plates  will  " 

be  equally  heated,  but  the  cop- 
per being  the  moat  expansible, 
tlie  bar  will  be  curved,  the  eop-        BiftercntExpausioiitifii 

Questions. — 15.  How  may  the  espnnBion  of  a  solid  by  lie; 
1(1  Do  all  bodies  espnnd  equally  when  erjiiiillj  hen.tcd?  Di 
Biibstanca  at  diEferent  temperatures  expand  equally  for  cqi 
of  temperature?  How  may  the  diffwent  espansibililics  of 
ss  uoppcr  and  platinum,  be  shown? 
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pLi  bLinj.  on  tlic  tonios  side  hco  figure,  in  wliicU  tlie  copper  is 
supposed  to  be  on  t!ic  lowci  and  the  platinum  on  the  upper  side. 
Oilier  metal",  used  m  pair^  in  i  simihi  manner,  would  show  the 
drtiG  result,  but  mitk  nniiy  tf  them  the  effeet  would  be  less 
(lcudi.a 

\.a  iQsliumcnt  liUi,  the  fuUomng,  at  the  same  time  that  it 
sIloivs   fbe  diflitcot  espansi  bill  ties  ot  two  metala,  serves  as  an 
'"-^Tx  escclletit  thermometer  for  many  praetioal  pur- 

poses A  and  B  ■ire  pieces  of  iron  wire  j-gtlis 
ot  an  wch  in  diametci,  and  a  foot  long;  and 
\  C  a  piece  ot  biaas  wire  of  the  same  size  and 
length  At  the  bottom  thej  are  all  fastened 
together  bj  blazing  or  Otherwise;  at  the  top,  a 
piece  of  brass  is  fixed  to  the  two  p  c  of  m, 
and  t!i!ouj,li  it,  ne  r  tl  e  cent  e  s  a  hole  in 
wbiili  thi-  bra  Bw  e  C  ila3a  f  eely  Iinw, 
by  immersing  the  tl  n  w  rei  n  bo  1  ;,  water, 
hot  oil,  or  melted  1  1  tb  j  are  II  expand  id ; 
but  the  bnas  expand  ng  mo  e  than  the  ron, 
its  upper  end  i=  [ushed  upw  rd  ag  nst  the 
lever,  D,  which  m  turn  o  a  upon  E  producing 
con'fideiable  motion  at  s  e^t  em  j  wher  may 
be  placed  a  ^ridiiated  =cale,  as  &  ftueh  an 
in'iliument  will  be  sensiblj  effected  by  even 
of  SfetaiB  moderate  changes  of  tcmpeidture 

The  following  table  shows  the  ozpinoion  m  lengih  of  rods  of 
si\[iil  Bub'.tmLCB,  when  tiansferrcd  finm  the  fieei;mg  to  the 
tmljog  point  of  witer 


Flint  Glass 

Wood 

Flntinum , . 

Gold 

Silver 


Stool.. 


Anlimonj  . , 


'ircsTiosa. — Describe  llic  instrument  represented  by  tliG  ecoond  figure 
liis  paragraph.  What  is  the  design  of  the  iiiatrnmeiit  ?  IVhftt  ftce 
IS  of  the  most  eiliansible  of  the  metals,  as  indiuated  iu  the  table  ? 
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17.  Piactical  Applications, — Tlis  property  of  bodies,  and 
particularly  cf  the  metili  lias  been  applied  to  various  useful 
purposes  in  the  artit  llje  iron  band  or  tire  of  a  carriage-wheel 
is  made  a  little  smaller  than  the  circumference  of  the  wiieel,  but, 
being  expanded,  is  suflioientlj  enlarged  to  be  slipped  on ;  and  the 
immediate  applioition  of  witer  prevents  it  from  burning  the  wood, 
fiod  brings  the  iron  to  lis  original  dimensions,  eauaing  it  to  grasp 
the  wheel  with  grtat  firmness.     Other  examples  are  of  frequent 

of  bodies  by  obange  of  tflmperafuro 

The  accurate  moYement  of  clocks 

^uluma,  nliicli  being  a«Dsibly  affected 

made  to  go  faster  in  cold,  and  slower 


The  espauEJons  and  e 


also 


liependa  apon  the  lenglli  of  their  pi 
by  clianges  of  temperature,  they  ai 
in  warm  wealJier. 

Brittle  Bnbatnnces,  ulien  unequally  heated,  are  often  broken  by  the 
unequal  expansions  and  contractions  to  which  t^ey  are  liable.  The 
danger  is  greater  if  the  substoiioe  is  a  bad  conductor  of  heat,  as  is  the 
uase  Kith  glass,  and  particularly  if  it  is  thick.  Heuce,  glass  vessels  thnt 
are  to  be  used  ahoul  the  fire,  or  with  hot  vater,  slionld  be  made  as  thin 
as  is  consistent  with  the  requiail*  strength. 

Metallic  or  other  instruments  used  for  measuring  length  or  capacity 
Yiii'y  nith  change  of  temperature — a  oiroumetanoe  that  sometimes  occa- 
sinns  senous  difficulty  where  very  great  accuracy  of  measurement  is 
i-equlred. 

It  has  been  found  by  very  aceurate  eiamioation,  that  the  Bunker  Hili 
Honnnient,  which  is  built  of  granite,  is  daily  made  to  change  its  position 
sliglitly.  by  the  heat  of  tlie  sun,  which  eipaads  the  sides  upon  which  the 
rays  faU. 

18.  Expans  o     of  L  ^uds — In        d      he  expansive  force  of 
beat  is   opf 
particles,    nJ 


f 


slight  coh 

therefore,   w         xp    d     n   t    n      h 

mucb  mo      han  a       d 

The  flip         n    f  a     q    d  m       b      h  w 
the  following  m    n         T  g        fl    k 

amattrass      b      ii    d  h        m     p  J^^^^ . 

in  the  figure,  and  partly  fill  it  with  some  liquid     ^^  , 

aa  water,  and  tie  a  thread  around  the  stem   aa   F^         i 
on  A,  to  indicate  the  height  of  the  watei  in  it      ^~ 
and  tlien  apply  for  a  few  minutes  the  heat  of  a     V—  -. 

spirit-lamp.     Both  the  gloss  and  the  watei  will  '  ' 

QuEsnoHS. — 17.  What  ia  aaid  of  the  Ure  of  wheels  '  How  are  biittio 
BubstaocBS  affected  by  sudden  changes  of  temjeiaturet  What  is  "aid 
of  the  Buukoi-  Hill  Monument?  18.  What  la  sulof  the  expansion  ot 
liquids  by  lieat !     Huw  may  the  espiinsion  of  a  Utiuid  be  showJi ! 
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he  Bspinded;   but  the  water  will  eirpand  more  tban  the  glass,  anil  will 
then  rise  in  the  stem,  as  shown  in  B. 

But  all  liquids  when  equally  heated  do  Dot  expand  aiilie, — STer;  one 
possesses  an  espanBibilitj  peculiar  to  itself.  Thus,  it  has  beeo  found  by 
iflftklng  the  esperiment,  that  1000  parts  of  water,  at  the  freoimg  point, 

Owhen  heated  so  as  to  boil,  are  expanded  to  1016  parts;  but 
1000  parta  of  mewarj,  heated  in  like  manner,  eipaud  only 
to  1003  parts.  Etlier  is  more  expansible  tlian  alcohol,  and 
alcohol  more  esponslble  than  water. 
Liquids  as  well  aa  solids  (16)  are  expanded  more  at  high 
than  at  low  temje  atures   V  J  a  g    en  addition  of  heat. 

19  Expansion  of  Gases  — All  gases  espand  equally 
when  equallj  heated  ani  the  expan si oq  is  proportional 
to  tho  inori,ase  of  temperatire  When  1000  parts  of 
loy  gas  are  heated  from  3^°  to  212"  of  Fahrenheit's 
the  mometer  (an  inotrument  soon  to  he  descrihed),  they 
.  expan  1  to  136j  parts  or  ^^j  part  of  the  volume  at  32° 
j  f  r  eich  degree 

J  In  the  casp  of  ytse-i  that  are  capible  of  becoming  liquid  by 
Hililii  r  esaure  this  law  d  es  not  hold  strictly  true  when  they  are 
*'9iP"^    about  to  assume  the    qu  d  form 

'oto"  ™  '^°  *'"'"  ^^^  eipans  on  of  a  r  by  1  eat,  let  a  glass  Saek,  filled 
""'  w  til  an  be  placed  as  n  the  figure  with  its  mouth  immersed 
n  water  then  warm  t  Bl  ghtlv  by  grasp  ng  he  bulb  iu  the  hands,  or 
bi'eathjng  upon  it,  when  the  air  will  escape  in  bubbles,  in  consequence 
of  its  expansion  by  tlie  heat.  On  cooling,  tbe  air  within  coutracts,  and 
lUe  water  rises  in  the  stem  to  supply  the  place  of  the  air  which  was 
eipelled. 


30,  Thermometers  are  iostruments  for  ascertaining  and  mea- 
suring changes  of  the  temperature  of  bodies,  of  which  there  are 
several  kinds.  The  name  is  derived  from  the  two  Greek  words, 
thermos,  heat,  and  melron,  a  measure. 

The  first  instrument  of  the  kind,  so  far  as  we  linow,  was  con- 
structed but  little  more  than  two  hundred  and  fifty  years  ago,  by 
Sanetorio,  an  Italian  philosopher. 

Sanotorio's  thermometer  was  made  in  the  following  manner.  A 
glass  tube  of  small  diameter,  having  a  bulb  blown  at  one  end,  was 

Questions. ^ — Do  all  liquids  expand  equally  when  equally  heated? 
How  much  do  1000  parts  of  water  espand  when  heated  from  the  freezing 
to  the  boiling  point?  19.  Do  gases  expand  hy  heat?  What  is  the 
ainouDl  of  their  expansion  for  each  degree  of  heat?  How  may  the 
enpansioa  of  air  by  heat  be  shown?     20.  What  are  ikenaomslcrs? 
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partly  filled  with  a  colored  liquid,  and  t!ie  stem  paused  tferougti  a 

cork,  and  inverted  in  a  vessel  containing  the  same  kind 

of  liquid,  and  taying  a  wide  bottom,  as  in  the  figure, 

60  as  to  stand  upright  firmly.      Through  the  cork  a 

Bmull  perforation  vnm  made,  so  as  to  allow  tho  air  to  pass 

freely,  and  to  the  stem  a  graduated  scale  was  attached, 

to  mark  the  rising  and  falling  of  the  liquid  in  it. 

Now,  in  an  instrument  of  this  kind,  it  is  plain  that 
when  tlia  bulbia  heated,  tbe  air  within  will  be  expanded, 
as  before  esplained,  and  the  liquid  in  the  stem  will  fall; 
ind  a  motion  of  the  liquid  in  the  opposite  direction  will 
take  place  when  the  bulb  is  cooled.  The  rise  and  fall 
of  the  liquid  will  also  be  proportional  to  the  change  of 
temperature  in  tte  bulb.  AirTbe  no. 

This  thermometer  will  very  well  answer  some  specific 
purposes,  but  as  it  will  be  affected  by  changes  of  atmnspherj 
pressure  as  well  as  by  changes  of  temperature,  it  cannot  1  e  ipyl    1 
to  general  use. 

The  differential  thermometer  maybe  con- 
sidered as  a  modification  of  the  preceding. 
It  consists  of  a  glass  tube,  bent  twice  at 
right  angles,  with  a  bulb  at  each,  end,  and 
is  supported  on  a  stand,  as  shown  in  tho 
figure.  In  the  tube  is  contained  a  portion 
of  colored  oil  of  vitriol,  or  other  liquid ;"  but 
both  bulbs  are  left  filled  with  air,  and  to  one 
of  the  arms  is  attached  a  graduated  scale. 
When  both  bulbs  are  equally  Leated  or 
cooled,  this  instrument  indicates  no  change  : 
but  if  one  is  heated  or  cooled  more  than  the  '  """  anaoiu 
other,  a  motion  is  at  once  occasioned  in  the  liquid  in  the  stem,  tli" 
direction  of  which  will  be  readily  understood  from  the  expUnation^ 
already  given.  This  thermometer  therefore  indicates  the  dij^erenci: 
of  temperature  at  any  time  esiating  between  the  bulbs,  and  hence 
its  name.  It  is  exceedingly  delicate,  and  is  especially  adapted  for 
.some  particular  purposes. 
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21.  Tie  Coramon  Thermometer. — The  tberinometer  in  com- 
inou  use  consists  simply  of  a  gkas  tube  of  an  eseeedingly  small  bore, 
with  a  bulb  blowD  at  one  cstromity,  and  filled  with  mercury  to  about 
one-third  the  height  of  the  stem.  The  air  being  expelled,  the  tube 
is  hermetically*  sealed,  and  the  Jreezing  point  asoertained  hy  hold- 
ing it  a  short  time  in  water  containing  ice,  and  the  hoiUwj  point  by 
holding  it  in  the  same  manner  in  boiling  water.  Both  points  are 
marhed  on  the  stem  by  a  file.  It  is  necessary  that  these  two 
points  should  be  accurate!;/  determined,  in  order  that  the  indica- 
tions of  different  instramenta  maybe  compared  with  each  other. 

Bj.tlie  term  freezing  point  here,  is  mennt  the  tempernture  at  whioh 
■water  freeiea  or  ice  melts,  whici,  with  oei'tftin  exceptiona,  is  always  the 
same,  as  will  be  fully  esplained  hereafter;  so,  also,  pwe  water  alwoja 
boila  at  the  same  temperature,  provided  atteutiou  ia  paid  to  certain  citv 
cumatancea  to  be  discussed  furUier  on  in  the  work.  Thia  temperature  in 
called  its  boiling  point. 

It  will  be  unneceEaary  here  to  give  a  minute  description  of  the  method 
of  maMng  thermometers,  as,  at  the  present  day,  tliey  can  be  everywhere 
obtained  at  a  vevy  moderate  price.  "  Beades,  the  oonatiuotion,  though 
simple  in  theory,  is  difficult  in  practice.  It  requires  great  tact  and  des- 
terify  \a  produce  one  of  very  moderate  goodneaa  ;  and  withont  steadily 
watching  tbe  process  as  performed  by  another,  or  previously  posseasiiig 
much  practical  knowledge  in  glass-blowing,  &c.,  it  would  bo  a  vain 
attempt." — Faraday'e  Chsmieal  lHanipulaiion,  p.  144. 

The  gradoaiion  of  the  scale  of  the  thermometer  is  a  matter  of  great 
importance  ;  and  it  wonld  be  fortunate  for  ua  if  we  had  but  one,  instead 
of  three  or  more,  as  is  the  foci  We  have  seen  tliat  in  all  thermometers 
ihite  are  two  fixed  points  ;  and  the  question  now  before  us  is,  into  how 
many  parts  or  degrees,  shall  llie  space  between  them  he  divided  1  Unfor- 
tunately, this  question  baa  been  answered  differently  by  different  artists, 
and  in  a  manner  entirely  arbitrary. 

Fakreahdl,  a  German  artist,  whose  thermometer  is  generally  used  in 
this  country  and  in  England,  divided  it  into  180  parta  or  degrees,  and 
placed  the  zero,  or  tbe  beginning  of  the  scale,  82  degrees  below  the 
freezing  point ;  so  that  the  temperature  of  melting  ice  or  freezing  water' 
is  32  degreea,  and  that  of  boiling  wafer  (32  +  180=)  212  degi-ees. 

Cdsiui  of  Sweden  proposed  to  divide  the  spnce  into  100  parts,  and 
placed  the  zero  at  the  freezing  point.  His  thermometer  is  called  fho 
centigrade  tliermometer,  and  is  used  in  France  end  Sweden,  and  some 
other  parta  of  Europe. 

•Aelasatube  \ssBsltd.kerwe',iaHly  Ij?  mclllng  tbe  end  by  means  of  tb 8  blow-pipe,  nnd 
tiiBB  perfaotlj  doElng  it.    Tot  this  purposa  tto  tnd  is  uaually  dviwo  out  iulo  a  fine  point. 

Questions.— 21.  Describe  the  common  ihermomelfr.  What  are  the 
freeang  and  boiling  pohiisf  How  are  these  determined!  Describe  the 
scale  adopted  in  Fahrenheit's  thermometer.  IVhere  is  the  zero  or  begla- 
ning  of  tliis  scale!    Deaoribo  tlie  scale  of  the  centigrade  thermometer. 
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t  tho  frei 


;    of  c 


Below  sero  of  eaoh  of  tlic  borIos,  nnd  above  the  boiling  point,  dcgi'eea 
are  marked,  of  precisely  eqnal  magnitude  nitli  tbose  of  tlie  odier  part  of 
the  scale.  Temperatures  below  zero  are  usually  indicatect  by  placing  a 
horjioatal  line  before  the  figures  representing  the  degrees.  Tiiua, 
— 12°  means  12  degrees  below  zero  on  the  aonle  used. 

Tiie  nnmbara  180,  100,  and  80,  which  severally  represent  tlia  number 
of  degrees  on  the  aboTS  scales,  are  to  encTi  other  as  9,  5,  and  4.  Reool- 
leoling,  therefore,  that  the  zero  of  Fahrenheit  is  82  degrees  below  that  of 
the  other  scUes,  tlie  expert  urithmetician  'trill  find  no  ditficulty  in  >  educing 
(he  degrees  of  one  scale  to  those  of  another. 

Thus,  to  convert  the  degree  of  temperature  indicated  by  Falirenheit's 
scale  into  its  centigrade  eguivalent,  we  multiply  the  degrees  above  or 
below  82°  by  5,  and  divide  by  9.  SuppoBo  the  temperature  by  Faren- 
heit's  thermometer  is  140°,  what  is  the  corresponding  degree  in  th« 
centigrade?  Bi,  140  — 82  =  108,  and  108 X  5  =  540,  and  540  —  9  =  00. 
On  Faiirenhdt's  soale,  therefore,  140°  aie  equivalent  to  60°  ol  the  centi- 
grade thermometer. 

Let  us  suppose  again  that  the  temporafura  by  the  centigrade  Ihermo- 
meter  is  60° ;  it  is  required  to  find  the  corresponding  degree  by  Fahren- 
heit's instrument.      Be.   60X9=540,  and 

640  -r  5=  108,    To  this  (108)  we  must  now         ^-  C.  H. 

add  82,  because  the  beginning  of  Fahren- 
heit's Boale  is  32°  below  that  of  the  centi- 
grade.    Thus  108°+  32=  =  140°. 

In  Utis  work,  and  in  most  worlts  in  the 
English  language,  if  nothing  is  said  to  the 
contrary,  it  is  always  to  be  understood  that 
temperatures  are  expressed  in  degrees  of 
Fahrenheit's  scale ;  but,  to  avoid  confusion, 
we  often  place  F.,  0^  or  R. ,  after  the  fi 
expressing  the  degi'oe 
thermometer  has  been  used. 

The  relation  between  the  three  scales 
above  described  is  indicated  in  the  accom- 
panying figure. 

Though  mercury  is  chiefly  used  in  filling 
thermometers,  yet  other  liquids   are   also 

lomeiimes    employed.       At   very  low   tem-  uiffetBiit 'ILennomoters. 

poratares    mevoary  is  froiea,   so   that   it 

ceases  to  answer  the  purpose  ilesigQed ;  in  such  cases,  therefore,  alcohol 
thermometers  alone  can  ba  used. 

22.  The  Register  Thermoineter,  while  it  answers  tlie  saiae  pur- 
pose as  another  themiometer,  at  tho  same  time  iudicatos  or  reffisiers 

Quest  IONS.— Ooseiibe  the  scale  of  Reaumur's  thermometer.  How  are 
the  degrees  determined  below  the  freezing  point  and  above  the  boiling 
loiiit?  How  may  we  convert  temperatures  as  indicated  by  Fahrenheifa 
Mle  into  its  centigrade  eqnivalentt  How  may  we  convert  centigrade 
jto  Farenlieit  degrees  ?  Is  maroury  always  used  in  constructing  ther- 
mometers 1 


>  indicate  what 
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the  extremes  of  temperature  tLat  may  oeeur  liunng  the  nbseoce 
of  the  observer.  It  consists  of  two  tliermo meters,  with  the  stfiina 
bent  near  the  bulb,  and  placed  iu  i  horiBontal  positiyn,  attached 
to  tlie  same  frame,  as  showQ  in  the  foUon 


The  one  usudly  placed  uppermost  is  a  mercurial  thermometer, 
having  in  the  tube  a  small  piece  of  iron  or  steel  wire,  which  is 
pushed  forward  bj  the  mercury  as  it  expands  but  does  not  recede 
with  it  when  it  contracts.  The  point  it  which  the  iron  is  kft  f 
course  shows  the  masimura  temperature  attuned  The  other 
thermometer  is  filled  with  colored  alcoho),  and  contains  in  the 
liquid  in  the  stem  a  similar  piece  of  lion,  inclosed  in  glass  to  pre. 
^  vent  oxidation  aiound  wiuch  the  alco- 

^r  ^^'^^  ^°^  flows  while  that  in  fho  bulb  is  es 
panding,  so  js  not  to  be  moved,  but 
which  is  drawn  aloi  g  with  it  by  cipil 
lary  attraction,  when  it  oontricts  so  ns 
to  be  kept  at  lis  suifioe  It  is  there 
fore  left  at  the  1  west  pnmt  to  which 
the  spirit  his  conlr.ii.ted,  and  of  couise 
shows  the  minimum  temperature  Both 
pieces  of  iron  or  steel,  wliich  thus  seno 
as  indices  may  be  brought  to  any  p  si 
tion  in  their  ie=peclive  tubes  by  means 
magnet  appl  e  1  on  the  outside 
I  BreguetsTheiinometeri'imalo 
entirely  of  solids  It  consists  of  x  iciy 
thin  5tiip  of  platinum,  soldered  to  a 

-23.  Desorilje  the  register  thii-nwmeler.     Brrgud'a  Ihcrmo- 
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similu;  Btiip  of  silver,  and  coiled  in  a  spiral,  as  sliowti  in  the 
figure  (page  26).  The  npper  end  of  the  coil  is  then  attached  to 
a  firm  support,  and  to  tbo  other  estrcnritj  is  fised  a  pointer  or 
index,  wliieh  is  made  to  revolve  by  any  change  of  temperature, 
by  reason  of  the  unequal  espansions  and  contractions  of  the  two 
metals.  Beneath  the  pointer  is  placed  a  circle  which  may  be  gra- 
duated to  any  scale  desired.     It  is  a  very  delicate  instrument. 

A  modification  of  this  iiistmment  is  used  in  the  United  States'  Const 
Suney,  for  determining  che  tenjperatuce  of  tlie  water  in  deep  soundings, 

Tlie  Fyromelsr  (from  pitr,  fire,  and  jiietron,  a  measure,)  is  nn  instrument 
for  mensurtDg  temperatures  too  high  to  admit  of  tlie  use  of  the  thermo- 
meter. The  only  one  noir  in  use  is  Daniel's  pyrometer,  which  is  not 
of  Buflioient  importnjioe  to  require  deseription  here.  By  it  the  melting 
point  of  oast  iron  has  been  shown  to  bo  about  2786°  F.,  that  of  gold 
to  bo  shout  2016=  F.,  copper  1096°,  silver  ISfjO",  and  zinc  713°. 

34.  Exceptions  to  tlie  general  Law  of  Expansion, — There  is 
a  remarkable  exception  to  the  general  law  (14)  coocerning  the 
expansion  of  bodies  by  heat,  as  above  stated.     Waler 
is  most  dense  at  the  temperature  of  about  40°,  and 
ospands,  whether  it  is  heated  above  this  point  or 
cooled  below  it. 

To  show  this,  fill  an  ounce  Tial  with  water  at  a  tempera- 
ture of  66°  or  TO",  and  adapt  to  it  a  cork,  through  wiijeli 
passes  a.  glass  tube  of  small  bore.  Then  insert  the  cork 
niid  tube,  and  fiE  the  latter  with  water  one  or  two  iuolies 
above  the  neok  of  the  vial,  and  expose  the  whole  to  the 
cold  atoidsphere  of  winter,  or  immerse  the  vial  in  a  freez- 
ing mixture  of  snow  and  salt ;  the  contraction  of  the  water 
In  the  vial  will  very  soon  be  made  evident  hy  the  fall  of 
that  in  tlie  tube ;  but  the  falling  wiE  shortly  cease,  and 
nti  upward  motion  commence,  indicating  an  expansion  of 
tlie  water  in  tbo  irlal,  although  its  temperature  must  be 
nil  the  time  falling.  The  volume  of  tho  water  has  there- 
"    t  been  diminished  by  reduction  of  its  heat,  and  w 


it°is  found  t 
A  large  t 

25.   The   1 
property  o    i 


1  ki  g 


QUKSTIOKS. — What  is  the  design  of  the  Pyromeler?  24.  What  eiceptions 
are  tlioro  to  the  general  law  of  expnuBion  of  bodies  by  heat?  Describe 
the  method  of  showing  tha  expansion  of  water  by  reduction  of  tomperaturo. 
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and  otber  liquids,  ioe  would  be  heavier  thi 

formed  would  subside  to  the  botton 

whoJe  of  tbo  water,  Lowaver  deep,  would  beeomo  solid.      The 

effects  of  Buch  an  arrangement  can  be  easily  conceived.     Countries 

wh  bp  fb  hllhflbodf 


bly  b 


of  frost. 

The  caoee  of  the  espHneion  of  water  at  the  moment  of  freezing  !s  attri- 
buted to  a  new  and  peculinrairangementof  its  pnrtiolea.  Ice  is  in  reality 
crjstalllieii  water,  find  during  its  formation  the  particles  arrange  them- 
eelies  iu  ranks  and  lioes,  which  cross  each  other  at  angles  of  60°  and 
120°,  and  eonsequfiBtiy  oooopy  more  apace  than  when  liquid.  This  may 
be  seen  by  esamining  the  aurfaee  of  water  while  freeing,  anii  Btill  better 
by  reoeiying  particles  of  snow  aa  they  fall  upon  a  piece  of  blaok  cloth. 
They  will  often  be  found  to  be  BmiU  but  bcuuliful  crystaH  or  collections 
of  crystals,  presenting  a  great  yai  ety  ot  lorms  bomt  ot  t!  e  moie  oom- 
mon  forms  are  ahown  in  the  fi^  ire 


QuESTions. 
perty  ofwatu; 
in  I'reeiiug  ? 
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28.  Tbo  view  just  taken  of  the  cause  of  the  ezpansioa  of  water 
ttiien  freezing  is  sustained  by  the  facts  observed  in  the  formatJoa 
of  anchor  ice,  or  ground  ice,  as  it  is  often  called.  This  ice  is 
found  in  certain  oiroumstancea  at  the  bottom,  of  bodiea  of  water, 
and  not  at  the  top,  aa  with  ordinary  ice.  It  has  little  teniicity, 
aod  may  be  supposed  to  consist  of  tlie  primary  crystals  of  water. 
Separately,  they  are  believed  to  possess  a  higher  specific  gravity 
than  water,  but,  when  aggregated  according  to  the  law  stated 
ahove,  at  angles  of  60'  and  120°  to  form  common  ice,  on  account 
of  the  instexstices  necessarily  left  among  them,  the  volume  is  so 
ioereiffied  as  to  diminish  the  apeoifio  gravity  to  the  point  we  usually 
witness. — Manuscript  Notes  of  Professor  Cleavdand's  Lectura  m 
Eowdoin.  Culkfje,  1832, 


DISTRIBUTION    OS    HEAT. 

Seal  constantly  tends  to  diffuse  itself,  and  its  distribution  is 
effected  by   Conduction,  Convection,  Eadiatton,  Reflection,  and 

27,  CondnStion  of  Heat. — Heat  is  said  to  be  conducted,  when 
it  is  transmitted  from  particle  to  particle  through  a  body,  as  when 
one  end  of  a  metallic  bar  is  hold  in  the  fire  until  the  whole  becomes 
heated. 

1  such  cases  is  evidently  progressive, 
jr.     Take  a  small  bar  of 


;e  of  the  heat  in 
as  may  be  shown  in  the  followi 
copper,  18  or  20  inches  in 
length,  and  cement  to  it 
several  small  bullets,  or  inar- 
bles,  about  two  inches  from 
each  other,  by  means  of  was, 


then   apply   the   heat   of   a 

hmp  to  one  end.      As  the 

heat    progresses    along    tlie  conduoO 

bar,  it  will  molt  the  wax,  and  the  balls  will  drop  off 

QcBSTiONS.— 20.  What  ia  said  of  anchor  ice  in  thlH  councotion?  Wliat 
are  Bome  of  the  modes  by  ivhioh  heat  tends  to  diffuse  itself!  27.  When 
is  lient  aaid  to  ba  conducted  1  How  may  the  conduotion  of  heat  along  it 
bar  of  copper  bo  ahowQ  ? 
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mp  falling  firat,  and   tLe  • 


Substances  differ  greatly  in  their  j 
rod  of  glass,  or  a  piece  of  charcoal,  a 


wcr  of  conducting  teat;  a 
inch  long,  may  be  heated 


away  from  the  hand  more  beat  tbin  ihe  clotb 

28  Sub  t  noes  we  div  ded  nl  t  to  das  es  n  ref  rence  to  the  r 
ab  y  0  nduct  hea,t  called  c  !  om  an  1  o  o  I  o 
There  are  however  no  ab'iolute  non  c  ndootors  1  at  j  ene  ntea 
the  sub  tan  e  of  all  bod  a  the  only  d  tfo  ence  n  th  m  n  tb  a 
respect  s  o  the  rap  5  ty  w  b  wh  ch 
the  p  0  ess  tahes  pi  ce  C  old  a  isa 
ally  cou  dered  the  be  t  conduct  ng 
sub  tance  k  owu  and  very  porous 
s  1  ds  the  nter^t  ees  of  wl  ch  are 
filled  w  h  a  r  IS  CO  OD  or  sheep  a 
woo!  and  fur  ir  the  poorest  con 
duo  tors 

A  conven  ent  metJ  od  to  ileteru  no 

1  e  r         e  con  ]  ct  ng  p  we   of  d  f 

t      nt  "Jub  faace      ■i    to  litvo  them 

ade    nto  cjl     1  rs  of  e  jual  d  a  ne 

ter  and  set       a  th  n  p     e  of  wood 

at  suffi  ent  d  stane  s  fr  m  eioh  otl  e     both  eit  tm  t  es  of  each 

p  eee  proje  t  ng  a  1  ttle  f  om  the  wood      If  tl  e  board  be  1  ell  n 

QoF  T  0MB  Do  s  bstancea  d  ffa  f  om  ene  o  e  n  the  r  p  we  o  con 
dnot  ben  ?  Why  wi  1  some  sh  stanees  fee  oo  er  han  o  her  wl  en  « 
know  h  t  a  maa  be  at  e  a  e  tempe  ature  28  I  o  whHt  wo 
classes  ore  Enbstanoes  divided  in  reference  to  their  conducting  powers  ' 
What  is  usuallj  considered  as  the  best  conduotor  known  ?  What  method 
for  determining  the  relative  conducting  power  of  sevoi'al  substances  Is 
Doiutod  ontt 
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a  botizonfal  position,  a  small  piece  of  phosphorus  may  be  placed 
upon  the  tipper  extremity  of  each  of  the  suhslmcea  esperimented 
upon,  and  the  lower  ends  exposed  to  the  same  temperature  hj 
plunging  them  in  iieated  oil  or  sand :  and  the  times  that  elapse 
hefore  the  ignition  of  the  phosphorus  upon  the  several  snbstancea, 
will  indicate  with  some  accuracy  their  relative  conducting  powers. 
The  following  table  exhibits  the  relative  condncting  poirei*  of  seTeroI 
metals  and  other  siibstanees ; 
Gold 1000 


Marble 

Porcelnin... 
Fine  Claj... 


In  Ibe  aril,  adyontagB  is  taken  of  iJia  imperfect  conducting  powers  of 
bodies,  to  prevent  the  passage  of  heat  in  nny  direction,  pnrtioiilariy  in 
confining  it.  Hence  furnaces  are  generally  lined  witli  "  fire-briek,"  or  a 
tliiok  coating  of  cloy  and  ennd.  Wooden  handles  are  fitted  to  metallio 
vesBOls,  or  a  stratum  of  wood  or  ivory  is  interposed  between  tha  hot 
vessel  and  the  metal  handle.  lee-houses  are  construoted  with  double 
walis,  wliich  have  iiielr  interstioes  filled  with  fine  charcoal,  saw-dust,  or 
Bonie  olher  non-conducting  substance,  to  prevent  the  influs  of  heat  from 
without 

Thedmgn  of  clothing  ia  to  retain  the  heat  produced 
by  the  system ;  and  hence  the  warmeal  clothing  w  11 
be  that  which  possesses  the  leaat  conducting  power 
lu  winter,  the  poorest  conductors  are  selected,  and 
in  gunimer  the  beat,  as  it  is  then  desirable  that  the 
superfluous  heat  maybe  permitted  at  once  to  escape 
]f.  in  summer,  the  temperature  of  the  atmosphe 
should  rise  considerably  above  that  of  the  systen 
it  would  be  found  advantageous  I 
clothing  as  in  cold  weather. 

Snow,  in  consequence  of  its  imperfect  ci 
power,  serves  as  clothing  to  the  earth,  nnd  prtv 
its  surface  from  being  cooled  down  as  low  as  it  wi 
otiierwiae  be. 

Liquids  of  all  kinds,  except  mercury, 
conductors  of  heat.     This  may  be 
menting  a  thermometer  tube  ia  a  gli 
inverting  it,  and  filling  it  with  water,  so  as  (o 
cover  th"}  bulb  about  a  quarter  of  an  inch,  or 
(■\<r.  V,j,  as  shown  in  the  figure.     Then  pmr  ujon  the  surfisB 

Qe  fcsrioss.— What  is  the  use  of  "fire-trkk"  in  coal-stovea  ?  How  ara 
iee-honsBS  constructed?  What  is  the  design  of  clothing?  What  is  said 
of  the  benefits  of  snow  in  wintar!  How  is  the  poor  oonduoting  power 
of  liquids  shown  bj  the  barniug  of  ether ! 
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he  water  a  little  sulphuric  ether,  and  inflami:  it;  the  ether 
burn  brilliantly,  but  without  affecting  the  thermometer  for 
e  time,  although  the  flame  is  bo  very  near  the  bulb, 

lu  like  maimer,  heated  oil,  poured 
upon  the  surface  of  witct  in  a  lum 
bkr  ean  o  arcBly  ba  n  le  to  affi-ct 
a  smnll  thermometer  [hoed  at  the 

If  a  tube  ten  or  twtl  e  inches 
long  be  ne  riy  filltd  w  th  water  and 
phce  1  in  aa   inclined   ]  o  tiun    so 

' '"  "  "  tiijt  tjie  heat  ot  a  spr  t-lamp  can 

be  applied  neir  the  centre  the  water  m  the  upper  j  ai  t  of  the  tube 
may  be  n  ade  to  bo  I  while  the  lower  i  ort  on  w  11  rema  n  per 
fe  tly  cold  If  before  apply  i  g  the  hcit  a  p  eee  of  ice  be  con 
fined  to  the  bottom  it  w  U  rema  n  unmdttd  while  tl  e  water  alove 
if>  loilig  Mercury  tliough  1  |uid  is  a  vc  j  ^ood  conductor 
fheat 
Gase  are  even  poorer  con  luotori  tl  B  [aSi  and  t  s  for  th  b  reiaon 
tl  t  TEFj  lidt  01  \en  ooll  n  r  enn  1  c  enduiE  !  □  co  t  ot  w  th  a  pe  s 
though  eipoBure  to  o  liquid  of  the  same  teinper.iture  would  produo 
piiin,  or  perhaps  even  woi      -"■  —     •  ■ 

wilh  air  between  liem,  ai 
of  dwellinga. 

29.  Con  e  f  n  of  ] 

of  heat  h 

taining              n  q 

is  rapid  y  d  ff  d   h 

are  es       d  d  d  h 

than  th  y 

colder  p  d 

talte  th      p  Th 

be  at    h        m  m 

whole      h       d  hi 
called 


the  lioiliug  of  water  in  aTESsel  oontaimng  loe!  29.  How  is  the  hent  dis- 
trihuted  through  a  liquid  when  it  is  upplied  to  the  bottom  of  the  vessel 
oontainiBg  it!   What  name  is  given  to  tliis  mode  of  tho  diatributionof  heat? 


Ho.led  by  Google 


DISTEIBUTION 


Thcaa  currents  miy  readily 
oontiiiiiing  aomo  insoluble  powl 
tiie  lieat  of  a  small  lump,  as 


i  termed  the 


When  large  quantities  of  W  ta 
bIowIj  heated,  the  upper  p  t  ng  w  11 
fi'equently  be  found  quite  na  m  wh  1 
th^t  in  the  loner  part  of  the  ss  1 
v\l\  reniiiin  eomparatively  cold  nd  th  B 
though  the  fire  is  applied  beneath.  Hence 
it  :a  tiot  nnfreqnent,  in  bitthing  establish- 
ments, to  draw  both  ^arm  and  cold  irater 
from  the  same  reservoir. 

Similar  currenta  are  produced  in  gases 
'nheu  heated;  and  it  Is  on  this  account 
that  the  heated  air,  with  the  smolie  and 
other  g]iBes  from  a  ^re,  ascend  in  a  chim- 
nej,  or  the  pipe  from  a  stoTO. 

30.  Eadiation  of  Heat. — A  hot 
!)ody  Buspetided  in  the  air  emits  heat 
in  all  diiections  in  right  lines,  lite  Can=nt  to  mod 
radii  drawn  from   the  centre  to  the  "  ""' 

sui'faca  of  a  Bphere,      This  mode  of  distnbutioa  i 
radlativn,  of  heat. 

The  radiation  of  heat  from  bot  bodies  is  singularly'  influenced  by  the 
nature  and  eondUion  of  ihiir  surfaces,  which  is  perhaps  the  moat  important 
oircumstance  connected  with  tlie  sul^ect.  It  is  probable  that  every  snb< 
Btaace  in  nature  baa  a  radiating  pcner  peculiar  to  itself,  but,  in  any  case, 
Tery  much  will  depend  upon  the  nature  of  the  Hnrfa.oe  of  the  body.  By 
many  eiiperiments,  it  has  been  proved  that  bodies  with  bright  polished 
surfaces  ret^n  their  heat  much  longer  than  ichim  their  surfaces  are 
ruugh  and  unpolished.  Adding  even  a  thin  coat  of  whiting  or  lampblack 
to  a  bright  Sin  yessel  greatly  increases  the  radiating  power  of  its  surface, 
so  that  boiling  water  or  other  hot  liquid  contiuned  in  it  will  be  cooled 
more  rapidly  in  eoosequenoe.  The  same  effect  will  be  produced  by 
scratching  its  surface  with  coarse  sand-paper. 

S'ime  imporlanl  practicai  mnsideralions  will  naturally  suggest  themselves 
in  connection  with  this  subject.  Whenever  it  ia  desired  that  the  beat  of  a, 
fluid  or  other  substance  should  be  ret^ned,  vessels  with  bright  and  polished 
nietnllie  surfaces  should  be  nsed,  but  the  reverse  If  the  heat  is  to  he  distri- 
hiit«d.  Thus  tea  and  cofiee  pots  are  usually  made  of  some  bright  metal, 
while  stoves  and  stove-pipes,  for  the  diffusion  of  heat,  are  made  with  darlc 
and  rough  surfaces.  Pipes  to  convey  steam  from  the  boilers  in  steam- 
engines  to  the  cylinders,  and  pipes  to  convey  heated  air  from  furnaces  to 
the  different  apartments  of  a  building,  should  be  bright,  or  else  they 
should  be  protected  by  some  non-conducting  covering. 

Questions.— 80,  When  !a  heat  said  to  be  radiated?  How  is  the  radia- 
tion of  heat  affected  by  the  nature  of  the  surface  of  the  heated  body  1 
What  surfaces  radiate  best  ?  What  practical  considerations  suggest 
themselves  in  view  of  these  principles  1 
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31.  Eeflection  of  Heat  — Tbit  heat  miy  he  reflectet!,  may  be 
sliown  bj  standing  at  the  bide  of  a  fire  m  such  a  position  that  the 
beat  cannot  reach  the  face  dircetl\,  and  then  pla&ing  a  plate  of 
tinned  iron  opposite  the  grato,  and  at  inch  an  indination  as  per- 
mits the  observer  to  see  in  it  the  rcfle:,tion  of  the  fire;  as  soon  as 
it  is  brought  to  this  inclination,  a  distinct  impression  of  heat  will 
Le  produced  upon  the  face 

If  a  line  be  drawn  from  n  radinting  aubstgnce  to  tlie  point  of  a  plane 
Burfaoe  by  which  ita  rays  are  reflected,  and  a  aecoud  line  from  that  point 
,-,  _„      tothespotwhere  itsheatingpoweriseierted, 

the  angles  which  these  Iides  form  vith  a  line 
perpendioulnr  to  the  reflecting  plane  aro 
called  the  angles  of  incidence  and  rrfitelion, 
and  are  inyariably  equal  to  each  othar. 

Thae,  let  AB  (see  figure)  ba  the  reflecUug 

surface,  and  B  a,  ray  of  bent,  vhioh  sCribes 

A.  JJ  Ji       this  surfaoe  at  D,  in  the  direetion  RD;  it 

neDsction  ut  Heat.  Will  he  thrown  off  Or  reflected  in  the  direction 

DI.     If  a  perpendicular  PD  be  erected  at  the 

point  D,  the  angle  RDP  will  be  the  angle  of  iocidonoe,  and  IDP  the  angle 

of  refiectioB 

These  principles  which  hare  just  been  developed  onceining  heat 
applv  as  well  ti  the  inTisihle  rsyi  emitted  fi  itn  a,  modoiately  hsated 
Bubilanoe  as  to  thuoe  aecompanied  by  light  liom  an.  incandescent  body, 
or  the  rays  of  (he  sun 

32  The  Ab--orpti(m  of  Stat  by  bodies  sustains  an  intimate 
r  latim  both  to  its  rndntion  and  reflection  Bright  and  pch^hcd 
surface'',  it  is  well  known,  are  (he  best  ruflectors,  and  these  are 
just  tbo  onei,  we  have  scon  (30)  wbi(,h  radiate  lea=t  And 
rough,  unpolished  suifacea,  which  radiate  heat  best,  aie  fcunl  to 
bi,  the  best  absorbers 

Suific£a  may  therefore  be  divided  into  two  clawes,  thosi.  which 
afford  an  easy  passage  to  heit,  ind  those  which  do  not  The 
tjrinei  will  be  good  radiatoia  and  absorbers,  and  the  litter  good 
reflectors  and  retameis 

The  color  of  a  body  influences  conailerably  its  absurbiig  but  not  ita 
radiating  jiom or  suilaeesthatare  b!ai.k  other th  ngs  bu  ng  e  pal  abaoib- 
ing  heat  more  readily  than  those  of  a  lighter  color. 

QuESTiONS. — 31 .  HoiT  may  the  refiectiaa  of  heat  be  shown  !  Ilefloe  the 
angles  of  incidence  and  reflection.  Do  tbeae  principles  apply  to  rays  of 
heat  unaccompanied  by  light?  33.  What  surfaces  are  the  best  absorbers 
of  heat!  Into  what  two  olasaefl  may  surfaces  be  divided  in  lEfeienco 
to  their  power  to  transmit  heat! 
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Botb  the  radiation  and  the  reflection  of  hent  are  well  ahowD  hy  pWing 
a  hented  ctinuon-ball  in  the  focus  of  a  conciiTe  reflectoF,  having  another 
similar  reflector  facing  it  at  a  distance,  in  the  focus  of  whioli  ia  placed  ono 


of  the  bulbs  of  a  differential  therm ometer.  The  rajs  from  the  ball  C  are 
reflected  in  parallel  lines  from  the  reflector  A  (see  figure),  and  are  again 
oonceotratei  on  the  thermometer  D,  by  reflection  from  the  second  concave 

If  a.  piece  of  phosphoms  be  snbstitnted  for  the  thermometer  at  D,  it 
may  often  be  iofiamed,  even  when  Uie  reflectors  are  ten  or  twenty  feet 
distant  from  each  other. 

If  a  lump  of  ice  is  made  use  of,  instead  of  the  heated  ball,  the  thermo- 
meter in  the  focus  of  the  other  reflector  will  fall ;  in  which  case  the  bulb 
of  the  thermomcler  is  llie  radiating  body,  and  its  heat  is  received  by 
the  ice. 

33.  Transmission  of  Heat, — When  a  ray 
of  heat  is  throiva  upon  a  body,  it  must  either 
bo  njkcUd,  ahsorbed,  ov  trammitted  by  the 
body.  We  have  already  seen  the  conditions 
upon  which  refiection  and  absorption  depend, 
and  it  remuins  only  to  consider  the  circum- 
staoceB  of  transmission. 

In  general,  transparent  substances  aSbrd  the 
most  ready  transmission  of  heat,  bat  there  is  a 
groat  difference  among  them  in  this  respect, 
Even  atmospheiic  air  transmits  heat  but  imper- 
fectly. This  is  shown  coacluaively  by  an  asperi- 
ment  of  Davy.  He  contrived  to  heat  a  platinum 
wire  by  means  of  galvanism,  within  a  receiver  con- 
taining two  concave  reflectors,  witli  a  thermometer 
in  the  focuB  of  one  of  them,  the  heated  vfire  being  ,  „„„„ 

in  the  focus  of  the  other.     Now,  when  the  air  was 
exhausted  to  fj^th  part  of  its  ordinary  den^ty,  the  thei mometer  it  was 

tJUBSTiONS— Explain  the  effect  of  parabolic  reflectors  in  reflecting 
lieat.  HowiBHlumpoficetobeusedinsteadofaheatedhall!  33.  When 
a  ray  of  heat  falls  upon  a  body,  in  what  three  ways  may  it  be  disposed 
of!     How  does  the  presence  of  the  air  affect  the  tranamisnion  of  heat  ? 
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found,  would  ba  raised,  by  means  of  the  ignited  wire,  three  times  na 
high  as  when  the  aiv  in  the  receiver  iraa  at  ilB  natural  piessuse 

BoilisE  that  transmit  iieat  fveelj  are  said  to  be  /Hal/iei-manonsJfinm 
the  two  Greek  words,  dia,  through,  and  Ihitrmas,  heat),  as  those  whicU 
afferd  a  fi-oe  passage  to  light  are  said  to  be  transparent. 

By  eipeciments  made  with  a  verj  delieate  piece  of  apparatus,  called 
the  tkermo-miiUiplier,  it  has  been  shown  that  the  most  diatJiermnQous  eub- 
stanoe  known  is  rock-salt,  in  pure  transparent  crystals.  Of  different 
Bpooimens  of  glass,  some  are  much  more  diatherinanoua  than  others, 
tiough  all  are  equally  transparent;  and  some  colored  glasses,  and  other 
bodies  only  partially  transparent,  afford  a  ready  passage  to  heat,  or  are 
highly  diathermanous. 

It  appears,  also,  that  the  ray  of  heat,  like  a  ray  of  light,  is  really  com- 
pound, or  composed  of  rays  of  beat  of  different  liinds,  some  of  which  have 
B.  greater  penetrating  power  as  regards  most  diaChermanoua  media,  tlinn 
others.  In  this  respect  heat  from  an  oil-lamp  will  differ  from  that  of  a 
spirit-lamp,  though  both  are  equally  iatense ;  and  the  heat  of  both  wit! 
differ  from  that  of  heated  metal. 

The  rays  of  heat  from  the  sun  possess  this  penetrating  power,  as  I 
hare  called  it,  in  a  greater  degree  than  any  kind  of  artificial  heat.  Thus, 
^  pane  of  window-glaBS,  held  between  the  face  and  a  coal-fire,  is  found  at 
once  to  intercept  moat  of  the  heat;  but  no  such  effect  is  produced  by 
holding  it  before  the  face  when  eiposad  to  the  direct  solar  ray. 

The  rays  of  heat,  like  those  of  light,  may  be  refi'aeted  ;  and  some  of 
them  being  more  refrangible  than  others,  like  the  different  colors  of  light, 
they  may  be  separated  from  each  other  by  means  of  the  prism. 

Tiie  ray  of  heat,  like  a  ray  cf  ligbt,  may  also  be  polarized,  and  in  a 
similar  manner.     See  Decomposition  and  Poiariiaiion  of  Light. 


HELATION     OP     HEAT    TO     CHANQEB    IN     THE 
STATE    or    BODIES. 

34.  Relation  of  the  Three  Forms  of  Matter  to  each  other,— 
We  have  seen  above  (10),  that,  omitting  the  imponderable  Dgents, 
whjcb  are  not  knowfi  to  be  material,  every  substance  mugt  be  in 
one  of  the  three  forms,  or  states,  solid,  liquid,  or  gaseous;  and 
that  tho  particular  form  a  body  assumes  will  depend  upon  the 
relative  intensity  of  the  cohesive  and  repulsive  forcea  existing 
among  its  particles. 

If  the  repulsive  force  be  comparatively  feeble,  the  particles  will  adhere 
so  firmly  together,  that  they  cannot  move  freely  upon  one  nnotlier,  thus 

Questions. — What  are  diathermanous  bodies?  Will  heat  from  nil 
sources  be  transmitted  alike?  What  is  said  of  the  rays  of  the  sun  is 
this  oonDeotion?  May  the  rays  of  heat  be  refracted?  PolnrizGii! 
3i.  Upon  what  will  the  particular  form  or  sfata  of  a  body  depend  ? 
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eoniititntiDg  a.  solid.  If  cohesion  is  so  far  oounteracted  }>y  ropuldon  tliat 
the  puTtioles  move  on  eaab  other  freely,  a  liquid  is  formed ;  and,  sbonld 
the  coheeive  attraction  be  entirely  overcome,  90  that  the  particles  not  only 
move  freely  on  each  other,  bnt  nould,  unless  restrained  hy  estemal  proa- 
sure,  separate  or  expand  to  an  indefinite  extent,  an  aeriform  Gubstanoe 
irill  be  produced. 

How,  the  property  of  repulsion  ia  manifestly  owing  to  heat ;  and  as  it 
is  easy,  withi»  certiuu  limits,  to  increase  or  diminish  the  quantity  of  Ihia 
principle  in  any  subatmiee,  it  follows  that  tb.e  forms  of  bodies  may  be 
made  to  vary  at  pleasure ;  that  is,  hy  heat  sufficiently  intanae,  wc  have 
reason  to  believe,  every  solid,  provided  deoomposifion  does  not  take 
place,  may  be  converted  into  a  liquid,  and  every  liquid  into  vapor.  Tlie 
converse  ought  also  to  be  true;  and,  accordingly,  several  of  the  gases 
have  been  condensed  into  liquids  by  means  of  cold,  or  cold  and  pressure 
combined,  and  the  liquids  have  been  solidified.  The  temperature  at 
which  liquefaction  takes  place  ia  called  the  meltmg  point,  or  point  of 
fusion;  and  that  at  which  liquids  solidify,  ihsax  freeaiig  point,  or  point  of 
congelation.  Both  these  points  are  different  tor  different  substances, 
but  usually  the  same,  under  similar  circnmetances,  in  the  same  body. 

35.  Liquefaction. — By  tLe  liquefaction  of  a  aubstance,  we  mean 
its  reduction  from  either  tlie  solid  or  gaseous  to  the  liquid  atate;  but 
generally  it  is  the  former  change  which  is  intended. 

If,  when  the  temperalure  of  the  air  is  at  zero,  as  ia  often  the 
ease  in  some  parts  of  our  country,  a  quantity  of  ice  be  brought 
into  a  room,  and  placed  near  a  fire,  it  will  be  gradually  heated,  like 
any  other  solid,  as  a  thermometer  placed  in  it  will  indicate,  until 
the  temperature  reaches  32°;  but  it  will  stand  at  this  point  until 
the  whole  is  melted.  The  thermometer  will  then  begin  again  to 
rise,  as  it  did  before.  Now,  it  is  plain  that  it  must  have  been 
receiving  heat  as  rapidly  while  the  thermometer  was  stationary, 
aa  before  and  afterwards;  but  the  heat  thus  communicated  did 
not  affect  the  thermometer,  becauso  it  was  all  absorbed  by  the  ice, 
and  was  oKpended  in  changing  the  ice  into  water.  It  has  thero- 
foro  become  insensible  to  the  thermometer,  and  is  properiy  called 
laleni  heal )  and  if  it  was  known  to  be  material,  wo  niight  per- 
haps, with  some  propriety,  consider  water  as  a  compound  of  ice 
and  heat. 

The  quantity  of  heat  which  is  thus  lost  or  becomes  insensible, 
during  the  melting  of  a  mass  of  ice,  is  sufEcient  to  raise  the  U^ta- 

QuESTioss. — To  what  ia  the  property  of  repulsion  owing?  What  ia 
i\e  mdimg  paint  ot  abodyt  llhe  freezing  point?  35.  "What  is  meant  by 
tlio  ligiiefaelion  of  a  body?  Is  heat  always  required  to  produce  liquo- 
faotion  ?    Why  cannot  ice  be  heated  abote  32°  ? 
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perattire  of  an  equal  weight  of  ■water  about  140",  aa  may  be  sbovn 
in  thQ  following  manner  :  Let  a  pound  of  water  at  32°  be  misrd 
with  a  poundof  water  at  172°,  and  the  temperature  of  the  mixture 
will  be  intermediate  between  them,  or  102°.  But  if  a  pound  of 
■water  a-t  172°  be  added  to  a  pound  of  ioe  at  32°,  the  ico  will  quickly 
dissolve,  and  on  placing  a  thermometer  in  the  misturo,  it  will  be 
found  to  stand,  not  at  102°,  but  at  32°.  In  this  experiment,  the 
pound  of  hot  water  which  was  originally  at  172°,  actually  loses 
140°  of  heat,  all  of  whicli  enters  into  the  ice,  and  causes  its  lique- 
faction, ■without  affecting  its  temperature. 

36,  Heat  of  Eluidity,— The  heat  thus  required  for  the  lique- 
faction of  solids  is  often  called  their /i.e*(  of  Jtuidity ;  and  the 
quantity  necessary  for  the  purpose  is  not  the  same  in  any  two 
substances.  While  the  heat  of  fluidity  of  water  is,  as  we  have 
just  seen,  140°,  that  of  spermaceti  is  145°,  that  of  lead  162°,  that 
of  tin  500°,  and  that  of  bismuth  550°.  That  is,  to  molt  any  giyca 
weight  of  one  of  these  substances,  an  amount  of  heat  is  required  that 
would  heat  the  same  weight  of  the  substjinoo  the  number  of  degreps 
indicated,  provided  no  change  of  state  should  take  place  during 
the  process. 

The  iseliitig  point  of  nearly  all  substances  is  ilie  same  as  tlieir  freeiing 
point;  but  this  point  varies  greatlj  in  different  substances.  Thus,  goUiI 
mercury  melis  (andliquid  mercurj  freezeB)  at — 89";  ice  at  32°  ;  spenniL- 
oeU  ot  132°  ;  Bulphnv  at  226°  ;  tin  at  142°  ;  lead  at  012°  ;  zinc  at  TTB"  ; 
sUver  at  1873',  and  gold  at  2016°. 

37.  Ih-eeinng  Mixtures  are  made  of  various  salts  and  liquids, 
■which  have  such  an  affinity  for  each  other,  that  rapid  liquefaction 
is  produced,  without  the  direct  application  of  heat.  But  as  thia 
agent  is  always  required  when  this  change  takes  place,  it  must  be 
absorbed  from  surrounding  objects,  which  therefore  lose  their  heat, 
or  become  cold.  A  good  mixture  of  this  kind  is  made  of  snow,  or 
iinely  broken  ice,  and  common  salt,  both  of  which,  when  misrd 
together,  become  rapidly  liquid;  and  the  process  is  attended  with 
great  cold,  so  that  a  thermometer  immersed  in  it  ■will  fall  to  scro, 

QuESTioMa.— Fhat  is  the  quantify  of  heat  absothed  by  ice  when  it  is 
melted!  How  ia  this  shown  ?  36.  What  is  *\ie  keal  of  fiuidily  ot  n  swb- 
Btnnce !  Will  it  be  the  samo  in  all  subainncoa  ?  Wlint  are  the  mdtinii 
pomis  of  the  several   substances  mentioned?      37.  What  ave  freeimif 
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01  below  Of  course,  if  a  vessel  of  water  bo  imracrsed  ill  it,  the 
Vl  f  1  ^>ill  in  a  short  tjiuo  be  frozen. 

SiltpetiB,  disaolyed  in  cold  spring  water,  will  often  reduce  tlie  tem- 
pe  ature  to  32°,  or  lower,  so  tlint  water  may  be  froian  ty  it ;  but  the 
groatast  cold  is  produoed  in  this  mode  by  miitureB  of  certain  of  the  salts 
a  d  acida  Tbas,  powdered  sutpbate  of  Boda  tliree  parts,  and  diluted 
nitric  aciJ  two  parts,  niiied  at  fiO°,  will  sink  tlie  temperature  to — 8°; 
Ri  d  phosphate  of  soda  nine  parts,  and  the  same  diluted  acid  fonr  parts, 
will  produce  a  oold  of  — 12°.  The  greatest  cold  that  can  be  produeed  in 
this  wftyia  found  to  be  about — 100°,  but  by  otber  means  still  lower  tem- 
peratures have  been  obtained.  But  it  is  not  possible,  in  tlie  present  state 
of  our  knowledge,  entirely  to  depriye  a  body  of  heat. 

Since  solids,  on  becoming  liquid,  absorb  beat,  as  we  have  seen, 
it  necessarily  follows,  that  when  liquids  become  solid,  heat  must 
be  given  out.  The  freezing  point  of  water  is  usually  said  to  be 
82° ;  but  if  it  be  contained  in  a  close  vessel,  and  cooled  very  slowly 
without  agitation,  its  tetnperature  may  be  reduced,  without  freezing, 
to  20°,  or  lower.  Slight  agitation  will  now  cause  it  to  freeze  sud- 
denly, and  the  temperature  will  rise  at  once  to  32°,  the  ordinary 
freezing  point.  The  portion  that  has  frozen,  therefore,  has  given 
out  sufficient  heat  to  raise  the  temperature  of  the  whole  mass 
some  12°.  Saturated  solutions  of  several  of  the  salts,  made  at 
elevated  temperatureSj  upon  being  slowly  cooled,  eshibit  the  saino 

A  beautiful  experiment  may  be  performed  by  making  a  satu- 
rated solution  of  G-lauher's  salt  in  wirm  water  and  settinir  it  iside 

in  a  closely  corked  vial  tili  it  w  h            b       m      d 

or  the  vessel  violently  agitated    b  w       mm  d                 ta    ze 

and  a  thermometer  placed  in  g 

38.  Provision  of  Nature— "R  h        h 

beautiful    and    unexpected    m  w                                      m 

extent  at  least,  checks  the  Co          w  m  g         b    w 

be  destructive.     The  cold  atm  q                  f 

water  to  congeal,  but  at  the      m  m     h            g                 wh    h 

prevents  so  great  a  reduotio  mp              aa  m  ^h     b 
this  circumslance,  be  esperie      d 

Questions,— What  is  the  grea  g 

have  its  temperature  reduced  below  the  ordinary  freezing  point?  WiiM 
is  the  effect  on  the  tliermometer  wlien  freezing  at  length  is  produiedt 
Describe  the  eiperiraent  with  Glauber's  salt.  .83.  How  is  the  escesBiie 
cold  of  winter  to  some  extent  checked? 
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The  pecTiliir  mode  provided  by  tlie  Creator  to  check  the  heat 
of  summer,  which  might  otberwise  become  excessive,  will  be 
noticed  hereifter 

39  Vaporization  — By  the  term  vaporization  is  meant  the 
com  ersion  of  solids  or  hquids  luto  gases. 

Aenfoim  bodies  are  often  divided  into  vapon  and  gases,  neoord- 
iDg  to  the  relative  force  with  which  they  resist  condensation ;  but 
the  distinction  16  ot  little  consequence. 

Heat  IS  alwiya  required  tj  convert  a  solid  or  liquid  into  a  gas; 
usually,  it  IS  ccmmuniLitcd  diicotly,  as  when  water  is  made  to 
bill  nwr  a  fire,  but  if  not  ^p]"lied  directly,  it  will  always  be 
TDsjibeJ  from  sui-rounding  bod  es. 

la  most  eases,  when  heat  is  applied  to  solids,  they  first  melt,  or 
bcccnie  liquid,  and  afterwards,  by  a  continuance  of  the  heat,  are 
converted  into  ^apor,  but  lome,  as  metallic  arsenic,  and  certain 
silts,  p-isa  at  ones,  when  heated,  from  the  solid  to  the  gaseous 
state 

G-ases  oCLUpy  considerably  more  space  than  the  liquids  from 
which  they  are  foimed  T\  iter,  when  converted  into  steam, 
e^ptnda  about  J700  lime'),  so  that  a  cubic  inch  of  water  forms 
E  jrly  a  cubic  foot  of  steam,  bat  moat  liquids  espand  much  less 
tb  m  thi"  Akuhol,  for  instince,  is  espanded,  when  converted 
m(o  vapor,  only  6u9  limes  its  original  volume,  and  sulphorio 
ether  443  timps 

Volatile  substances  arc  ?uch  is  are  readily  converted  into  vapor 
by  belt  or  at  ordinary  temprritures,  while  those  that  are  incapable 
of  this  change  are  often  called /j:c(?  substances. 

Two  or  more  gases,  whatever  may  be  their  density,  when  brought 
in  contact,  readily  intermix  with  eaob  other,  and  become  equally 
dilTused  through  the  vessel  that  may  contain  them.  This  is  seen 
in  the  atmosphere,  which  is  composed  of  gases  differing  in  density, 
but  they  remain  uniformly  diffused. 

If  we  fill  two  bottles  with  gases  of  different  densities,  as  hydrogen  nncl 
carbonic  acid,  and  connect  them  by  a  narrow  tube,  as  shown  in  Iha  figure 
on  p.  H,  the  lower  containing  the  moat  dense  gas,  in  a  short  time  (lie  two 

QuESTioKS, — IVhal  is  meant  by  vaporUaikn  f  Is  hest  nlwnys  required 
when  a  vnpoc  is  formed?  Do  gases  oooopjmore  space  than  the  solids  or 
liquids  from  which  thejare  formed?  Ilowmanj  times  does  water  espnnd 
when  it  takes  the  form  of  steam !     Alcohol  t     Etlier  ? 
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gnses  Hill  diffuse  theniselTBe  equally  through  the  whole  Epnoe. 
Tbe  miiture  of  the  gases  will  eren  tulie  place  through  thin 
Diembmnes,  wheUier  animal  or  vegetable ;  the  leaat  dense  of 
the  gasas  passing  the  most  rapidly. 

A  good  method  to  show  this  ia  to  fill  nn  oi  bladder  with 
onrbonio  [icid,  or  even  atmospheric  air,  and  suspend  it  -with 
the  neck  tied  firmly  in  a  large  vessel  filled  with  hydrogen. 
A  transfer  of  the  gases  through  the  substance  of  the  bladder 
will  talie  plaoe,  but  the  hydrogen  entering  more  rapidly 
thin  the  denser  gts  escapes  the  blalle  will  after  a  me 
be  bu  st 

40    EbuUition— Boiling  Point— "When  a  I qud  n 
an  open  yess  1  i3  esposed  to  any  sour  e  of  Leat   the 
temperature  gradually  r  ses  1  Le  that  of  iny  otl  er  sub 
stance  m  s  m  lit     rcums  ■inoas     nt  I  a  c    tain  po  nt 
IS  atta  ned  when  a  v  olent  m  t    n  c  mmenoes    a    t 
c  lied  eh  dl  t  01  or  ho  i    g     and   no  heat  ( 
fu  the     nereaso  ot  tempe    tare      If  the  teit  I 
quan  tj  of  I  j^u  d  ^ridually  dun    Uea  or  as  n 
n  bo  led  away  unt  I  tbe  whole  5S  gone      Tl     ci 
1  q    d  a  occas  on  d  by  port  una  of  it  at  the  bott  n 
13  ippled   being  converted  into  \apor    aud  rsng    n  b  bWea  to 
the  surface. 

Ordinarily  it  will  be  found  that  water  boils  at  212°,  which  is 
therefore  called  its  hailing  point ;  but  the  temperature  at  which 
other  liquids  boil  ia  not  necessarily  tbe  same,  every  liquid  having 
a  boiling  point  peculiar  to  itaelf.  Thus,  the  boiling  point  of  alco- 
hol is  only  173°,  and  that  of  sulphuric  ether  96°,  while  that  of 
sulphuric  acid  ia  620°,  and  that  of  mercury  662°. 

41.  Boiling  Point  dependent  npon  Circumstances. — But  the 
boiling  point  of  a  liquid  is  not  to  be  considered  as  perfectly  con- 
stant; it  depends  upon  several  circumstances,  the  most  important 
of  which  is  the  pressure  of  the  atmosphere  upon  tbe  surface  of  the 
liquid.  By  heating  a  small  vessel  of  wafer  to  about  200°,  and  placing 
it  under  the  receiver  of  an  air-pump,  it  begins  to  boil  when  the  air 
is  very  moderately  exhausted.     So,  on  ascending  a  mountain,  by 

QuBSTioBS. — What  is  said  of  the  diffusion  of  gases  of  different  densi- 
ties 1  Describe  ihe  eiperiment  with  tlie  oi  bladder.  40,  What  is  ebuUi- 
Ihn  or  boiling !  What  is  the  effect  of  continuing  the  heat  f  What  is  the 
bniling point  of  water  ?  Is  this  point  in  other  liquids  the  same  ?  41.  What 
uva  the  oii'onmatanoes  which  affeot  the  boiling  point  of  aliquid  ?  DoEcribe 
t)io  expsrimonl  with  the  fuc~pump. 
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which  o  part  of  tlie  atmospheric  pressure  is  avoided,  the  boiling 
point  falls  in  proportion  to  the  ascent.  At  the  hospital  of  St. 
Bernardj  situated  upon  a  point  on  the  Alps,  about  8400  feet  above 
the  lea,  water  boils  at  l'^&° ;  and  on  the  top  of  Mount  Bhcc  it 
was  ol»eryed  bySiusure  to  boil  at  194° 

This  IS  just  as  we  sliould  expect,  for  the  expansion  of  the  vipoi 
his  to  take  place  directly  agiinst  the  prpssure  of  the  litmosphert 
OQ  the  surface  ot  the  1  quid ,  icd  tlie  degree  of  heat  neoessuy  ti 
produce  the  expansion  will  be  to  some  extent  proportional  to  tb 
expansive  force  required 

The  pressure  ol  the  atraO'^pKere  at  the  suiface  of  the  sea  la 
UBUallj  almit  15  pounds  to  each  squaie  inch,  but  it  JS  subiect  to 
e  variation ,  and  the  boihng  joint  of  iny  liquid  will  of  couise 


vary  at  the  "5 


atmosphei 


■th  the 
la  a  perfect  vacuum   witcr  boils  at  72°,  a 
sulfhuno  ether  ■it  — 10",  or  about  140°  lower 

As  migl  t  be  expected,  sulpbunc  ether  may 
ci=l7  be  wide  to  bi.il  under  an  esbausted  re 
cener  without  heat,  even  in  the  coldest  weather 
For  thia  purpose  let  a  Uttle  good  ether,  in  i  wine 
gla^?,  be  placed  undu  an  air  jump  ruceiver,  as 
lepresented  in  the  i^ure,  upon  working  tho 
pump,  it  will  boil  viokntly  The  experiment 
will  usnallj  succeed  best  if  sonic  small  pieces  of 
metal  are  diopped  into  the  ether,  before  placin^j  it  under  tho 

While  the  boiling  is  in  progre^  considerable  reduction  of  tem- 
poitture  tikes  plioe,  and  water  contained  m  a  small  iial  placed 
m  thi,  ether  will  be  frozen 

43  Olher  circiimilani.'''i  affijotiDg  the  boiling  point  are,  tho 
nature  of  the  containing  vpssel,  and  the  presence  of  soluble  lub- 
'tiinces  in  the  bquid  Thus  water  bods  in  mptalho  vessels  at 
212°,  but  in  1  cleir  ghss  vessel  one  or  two  decrees  more  are 

QDEBTIO^a  — Whit  ig  "aid  of  the  boiliDg  point  upnn  h  ^h  mounWim' 
What  la  th«  boiling  point  of  wuter  in  a  vBcuonit  De'ciibe  the  espen- 
ment  with  ethei  under  tha  eiha'tated  receiver  of  liie  air  pump  f  While 
till,  ether  boils  how  13  the  thein  ometer  in  it  affacled'  42  TVliat  other 
!3  are  meDtioued  aa  affectiue  the  lioiliug  point' 
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required;  so  any  substacee,  as  a  salt,  held  in  solution  in  the 
water,  causes  a  rise  of  the  boiling  point.  Water  saturated  with 
commoa  salt  boils  at  224° ;  saturated  with  saltpetre  at  238°,  and 
with  chloride  of  calcium  at  264°. 

43.  Effect  of  increased  Pressure. — If  water  or  other  liquids 
boil  at  a  lower  temperature  by  diminishitig  the  pressure  upon  the 
surface,  so  a  higher  temperature  is  re- 
quired for  this  purpose  when  the  pres- 
sure is  iviOreased,  as  in  a  steam  boiler. 
Water  cannot  be  heated  above  212°  in 
the  open  air,  becau'i,  my  alliliouol  heat 
is  espeaded  in  eoniert  ng  a  jortioa  of  t 
ioto  steam,  which  atoice  makeiit^esc  p 
into  the  air;  but  if  t  be  confined  n  i 
strong  vessel,  it  nnj  be  heated  to  any 
temperature  even  to  redness 

The  rise  of  the  1  oiling  point  «n  lev 
increasing  pressure  is  well  illu&trated  and 
proved  by  Marcels  slcmi  appa  t  i 
which  is  represented  in  the  iccompinj 
icg  figure.  A  is  ■»  hollow  tnsi  gl  be 
supported  on  a  stand  anl  in  it  is  con 
tained  a  little  mercury,  and  a  small  quan- 
tity of  water.  Through  an  air  tight  collar, 
a  graduated  glass  tube  C,  is  loaeited,  so 
as  to  reach  very  nearly  to  the  bottnm, 
both  ends  of  it  being  open  B  is  i  ther 
moraeter,  having  its  bulb  in  the  witer  or 
mercury.  Now,  by  ipplyiug  a  lamp  the 
water  is  heated,  and  nben  the  tempcri 
ture  has  risen  to  21-!°,  the  sleain  will 
begin  to  issue  freelj  through  the  t  lu 
F;  but,  by  closing  the  faueet,  the  escape 
of  the  steam  wilt  be  prevented,  and  the 
temperature  will  rise,  the  merouiy  it  the  s 


e  of  (he 


e  tune  by  the  pres 
ffithin,  being  forced  up  the  tube  C.     And  the 
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height  to  whieh  it  may  rise  will  always  show  the  exaoE  amount  of 
the  pressure. 

By  this  means  it  has  heen  determined  that,  at  a  heat  of  250°, 
the  tension  of  steam,  thus  confined  in  a  hoiler,  is  equal  to  two 
atmosphsfes,  or  30  pounds  to  the  square  inch ;  at  275°  ifa  tension 
ja  equal  to  three  atmospheres ;  and  four  atmospheres,  or  60  pounds 
to  the  square  inch,  at  294°. 

Tlia  expansive  force  of  steam  confined  in  this  manner  is  the 
propelling  power  in  the  sieam  engine.  (See  author's  Ifal.  Philo- 
snphif,  p.  173.) 

44.  Evaporation,— But  it  is  not  only  when  a  liquid  is  heated, 
and  made  to  hoi!,  that  it  is  changed  into  vapor;  this  change,  in 
inoat,  and  probably  in  all  liquids,  and  many  solids,  Js  ever  tailing 
place,  whatever  may  be  their  temperature,  when  they  are  con- 
tained in  open  vessels.  This  slow  formation  of  vapor  is  termed 
evaporation.  It  is  seen  in  the  drying  of  clothes,  when  wet  with 
water  or  alcohol,  and  in  the  gradual  diminution  of  a  quantity  of 
cither  of  these  liquids,  when  left  in  an  open  vessel.  Even  in  the 
forms  of  ice  and  snow  water  gradually  evaporates. 

Evaporation  is  much  more  rapid  in  some  liquids  than  in  others ; 
and  it  is  always  found  that  those  wiiich  have  the  lowest  boiling 
point  evaporate  with  the  greatest  rapidity.  Thus,  alcohol,  which 
boils  at  a  lower  temperature  than  water,  evaporates  also  more 
freely  j  and  ether,  whose  point  of  ebullition  is  yet  lower  than  that 
of  alcohol,  evaporates  with  still  greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evapora- 
tion, are  extent  of  surface,  and  the  state  of  the  air  as  to  temperature, 
dy    ss  and    -ei 
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otLer  liquids  tnLe  tlie  foira  of  vapor  without  ebullition  .  Do  all  li^  da 
evaporate  with  tlio  same  fAoiUtj!  Wlmt  are  the  chief  oiieuinslauoea 
ivliioh  inllueuce  HTaporation! 
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45,  Heat  is  absorbed  by  the  Formation  of  Vapoi  — During 
tha  slow  evaporation  of  water,  or  other  liquids,  aa  noil  ib  wben 
tliey  ore  evaporated  by  boiiing,  a  large  amount  of  beat  is  absorbed, 
and  becomes  ktent  in  the  vapor  produced.  It  is  on  this  account 
that  ether,  alcohol,  or  even  water,  though  at  the  same  temperature 
as  the  air,  always  feels  eold  when  a  little  is  dropped  upon  the  band 
The  natural  heat  of  tbe  band  is  absorbed  and  cinieJ  off  in  the 
vapor  that  is  formed. 

The  evaporation  of  good  sulphtiric  ether  may  ensily  be  made  to 
freeze  wafer,  even  in  tbe  warmest  weather.  For  this  purpose  let  a 
very  small  glass  vial,  covered  with  mualin, 
be  filled  with  water,  and  suspended  by  the 
neck  from  some  convenient  support;  then 
drop  slowly  upon  the  muslin  good  sulphuric 
ether,  from  the  nioutb  of  a  vial,  or  by 
ineans  of  a  dropping  tube.  In  a  few 
minutes,  ice  will  begin  to  form ;  and  if  the 
operation  be  continued,  the  whole  of  the 
water  will  be  frozen,  perhaps  breaiing  the 
via!  containing  it. 

Porous  Gorthen  vessels  ore  often  used  in  hotels 
and  otlier  places,  iu  warm  weather,  to  contain 
wafer  for  drinliing.  A  portion  of  the  water 
grndunlly  emdes  fhrougii  the  vessels,  and  O's- 
porates  from  tbe  surface,  by  wliioli  tia-t  witliiii 
is  Iiept  aeveral  degrees  colder  than  (he  lem- 
perature  of  the  atmosphere.  Such  vessels  are 
sfud  to  be  much  used  in  Spfun,  wbere  they  are 
called  akarralaa.  People  crossing  the  deserts 
of  Arabia  in  caravans,  are  said  sometimes  to  load 
camels  with  eartlienware  bottles  Blled  with  w 
which  is  kept  cool  by  mapping  the  j 
linen  cloths,  and  keeping  them  moist  wi 

46.  The  freezing  of  water  by  i: 
receiver  of  an  air-pump,  is  a  common  experiment  A  shallow 
dish  containing  strong  oil  of  vitriol  is  first  placed  upon  tlie  plite 
of  the  machine,  and  over  it,  supported  by  a  t  pod  of  w  e  la 
placed  a  small  capsule  filled  with  vrater.  The  rece  ve  1  e  ng  cow 
put  in  its  place,  covering  the  whole,  by  worl  ng  tl  e  j  un  p  the 

Questions. — 45.  Is  heat  ahsorbed  during  the  low  e  j  ra  on  of  s, 
liquid!  Describe  the  mode  oi'  freeiing  of  water  by  he  aj  o  nt  o  of 
elber.  46,  Descnbo  the  e}:pci'imenC  with  water  and  sul^hu  c  ac  d  oadet 
tlio  leooivor  of  (he  air-pump. 


1  eviporatii 
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du  13  {ihauikd  iifid  e^ipontion  from 
the  suiliicc  cf  tbe  witer  commenLta  wliioh 
js  continued  because  of  the  absoiption  of 
the  Tapoi  bj  the  iLid  beneath  until  the 
water  la  frodtn  With  ut  the  acifl  or 
ofher  sub'^tiinLe  to  proluoe  the  fame  i-ffi-ct, 
the  receiver  wrald  sjod  be  filled  with 
■vapor  and  no  further  e^afciution  tnko 
ph  e,  the  vi-por  of  witer  at  ordinary 
temperature',  not  having  sufficient  tension 
to  lift  the  Talvei  of  the  pump  a'  it  is 
woikcd  Indeed  a  small  drop  of  ■nater 
may  be  frozen  unier  the  leeener  of  an 
air  pump  by  its  own  evapoiition,  without 
I  to  ib=oib  the  ii].or  Let  i  single  diop 
iter,  tn  i  piece  of  charred  curlt  bol 
^™ji'P|i|l'ir|,  luwtd  a  little  on  it*!   upper  surface    be 

/ml' r,  „i     'Blk  niaced  under  the  airpump  receiver,  and 

PlllJ'     ,ll|         f  J  woAmg  lb,  p.»p  «  }  w  scooBd.   ,t 
'  iiiiil         Will  be  frozen  by  the  rifid  evapoiatiou 

which  takes  place  fiom  it?  surface  Thp 
burnt  cork  capsule  is  prefeiable  to  one 
of  glass  or  metal,  since,  as  the  water  does 
not  adhere  to  its  surface,  not  so  much  heat 
la  received  fi  im  it 

47  Latent  Keat  ofVapors —It  1!.  not 
ea'.'i     tD    d  termine    wi'h    pt  iMcn     the, 
rreezn  Watt  iiyibnown      amount  of  latent  h^at  in  vijori    or  the 
^  "  ""  relative  quintil}  of  heat  abaoibed  as  they 

are  feiniel  The  results  obtained  by  different  espeiimenteifl, 
theref  le,  are  net  unifuim  It  is  believed  tliit  water,  in  taking 
the  form  of  \ipcr,  ab^^oibs  noaily  1000°  of  heat  or  beat  enou.,h 
to  rai=e  the  teinpeiature  of  in  equal  weight  of  witer  1000°,  if  it 
could  be  CDufined      The  amount  of  heat  m  different  uapora  vines 

QuBSTiOMs  — What  purpose  doaa  the  acid  serve?  Esplnin  the  methoil 
of  froeiing  a  drop  of  water  upon  a  piece  of  burnt  cork  undar  an 
►.jhaustod  reooiver.    47.  What  is  the  amount  of  latent  heat  in  altata ! 
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wJtli  tlieir  natnra ;  ia  no  two  vapors  is  it  tlie  same.  Thus,  while 
the  latent  heat  of  watery  vapor  ia,  as  wo  have  seen,  about  1000', 
that  of  vapor  of  alcohol  is  only  873",  that  of  vapor  of  etticr  163°, 
vapor  of  oil  of  turpentine  138°,  aud  of  sulphide  of  carbon  144°. 

The  heat  which  ia  absorbed  when  water  or  other  liquid  is  con- 
verfed  into  vapor,  will,  as  a  matter  of  course,  be  given  out  again 
when  thisvipor  is  condensed  into  the  liquid  form  Oa  this  prin. 
ciple,  stea  u  la  of  en  UB  d  for  wa  m  ng  build  ugf  be  ^  nvey  d 
in  pipes  through  the  d  ff  n  apa  ments  As  t  pass  a  a!  ^  t  e 
pipes,  it  is  conl  used  g  eg  o  t  a  h  at  and  he  wa  er  hat  ia 
formed  runs  back  ag  a  oto  the  b     er 

48,  Diat  llatio    —The  p  o  e     of  d  s  !      on     n  mply  m 

evaporatiQo  a  su  e        d   ag    n       nd  n   ag   the       p       by 

causiug  it  to  come  n  c  n  act  w      a     Id  au  f    e      Ih  s  a  ua      ly 


inplish  d  by  ha  ng  a  tube  f  C  n  de 
from  the  op  of  a  clo  e  bo  le  and  p  s  □„  n 
through  a  ves  1  wh  ch  s  Left  fil  ed  w  h  i 
In  the  lab  a  o  y  the  pp  atu  ti  ed  b 
distilling  SB  a  1  {uan  ea  of 
any  liquid  A  reto  P  on 
tainsthelq  dtobeds  lei 
and  the  vapo  s  rece  ved  n  o 
a  flaslc,  F,  the  mouth  of  wh  h 
is  slipped  on  he  neoh.  f  he 
retort,  but  the  j  nt  not  made 
perfectly  a  ght  Tie  flak 
should  be  kef  t  c  d  tj  be  ng 
immersed  n  c  1  w  o  by 
having  a  ma  1  s  e  m  of 
water  oonstautly  falling  upon 
it  from  a  vessel  above. 

For  larger  operations,  a  lei 
big's  condenser  is  indispensable 
It  consists  of  a  gloss  flask,  for  a 
boiler,  w)lich  may  ba  heated  in 
figure  on  page  48.  or  bj  means  oi  ^i  s 
in  wliieh  is  inserted,  through  perlora  ed 


leal  a, 
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o  be  kept  oonstfintly  BorroundGd  with  colli  ■water.  Prom  tbe  ti 
itream  of  cold  water  enters  tbe  funne?,  e,  imil,  oa  it  is  heated,  e 
lie  higliest  purt  by  the  tube,  h,  and  is  ooUected  in  a,  basin,  b.     The  glaaa 


leeted  the  d  a  1  ed  1  qu  1  condensed  in  passing  tJirougli  the  tube,  dd.  The 
mookeJ  funnel  n  the  bo  ler  serves  to  iiitraduee  the  liquid  to  be  disfilled. 

By  tl  e  p  ocess  of  d  st  Uation  volatilo  substnnoes,  whether  liquid  or 
solid,  may  be  eeparated  from  those  that  are  fised.  or  even  from  snob  ita 
ore  less  volatile  than  tbeiiiselves  Water  is  distillod  to  purify  it  from 
salts  or  other  Eubstaooes  it  may  contain  in  solutioo  or  suspension ;  and 
alcohol,  by  distillation,  is  separated  from  water,  wMoli  is  less  volatilo 
than  itaolf,  as  well  ns  from  liied  substances. 

The  application  of  this  process  to  solids  ia  usually  termed  their  sub- 
limathn. 

49.  Boiling:  produced  by  Cold. — We  tave  seen  above  (41)  the 
effects  of  diministing  or  removing  the  atmoapberic  pressure  in 
promoting  ebullition,  and  we  are  now  prepared  to  understand 
another  ingenious  method  of  aeoomplishing  this  object.  Lei)  a 
flask,  with  a  cork  well  fitted  to  its  mouth,  be  partly  filled  with 
water,  and  made  to  boil  bi'isldy  by  means  of  a  spiritdamp;  then 
suddenly  insert  the  cork  and  remove  the  lamp:  the  water  will 

Questions.— Describe  Leibig's  tondaiser.  How  is  it  that  substances 
maybe  separated  from  one  another  by  distlHatioji !  49.  Describe  the 
experiment  of  boiling  water  by  tlie  appiication  of  cold. 
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continue  to  boil,  and  by  immersing  it  in  co  d 

water,  ag  abown  in  the  byare    tbe  boiling,  will 

bpcome  violent      Tho  '.s.ms  effpct  will  be  pro 

duetd  by  inieiting  the  flask  and   nj-pljing 

BDOW  or  even  cold  wafer  to  tbe  bottom      But 

if  thi,  flisk  be  held  again  a  moment  o\cr  the 

lump,  the  boiling  will  instantly  cease      TLe 

reason  ol  this  n,  because  the  uyper  pait  ct 

tbo  flask,  when  the  cork  is  inseited,  is  filled 

with  'iti.am,  wbii,h  IS  condensed  by  the  appli 

cation  of  cold  to  the  outside,  and  a  yaouuin 

piodui-cd      Tbe  warm  water  witbin  thm  boil  , 

as  in  a  vacuum  piodu^ed  by  any  othi.r  memf, 

but  if  heit  be  ajplied,  '(tt.am  will  be  a^ain  formed,  and  fill  tho 

upper  part  of  the  fli'ik,  ind,  by  ifa  preaaure  upon  the  suifaee  of 

tbe  water,  prevenf  fuilhei  boiling 

It  the  flask  1=  firmly  cotl-ed  BJ  as  to  esduJo  the  an  peifeofly  when 
it  haa  become  cold  tbe  water  witbin,  as  tbe  flask  la  bundled,  mil  fall  from 
Bide  to  side,  almost  like  mosses  of  Ice,  and  producing  a  similnF  sannit  to 
the  ear.  This  is  because  there  being  no  air  within  to  break  up  tbe  water 
as  it  is  thrown  in  any  direction,  it  fills  in  a  mass  amj  strilies  ogninst  tba 
sides  of  the  gUss  with  much  the  same  effect  as  a  solid.  A  Email  toy  of 
this  kind,  made  of  glass  tube,  and  hermetically  sealed,  is  called  a  vater- 

50.  The  Cryophorus.  —  The  oryophonis,  or 
frost-hearer  (from  the  two  Greek  words,  cruos, 
frost,  and  pkero,  I  bear),  is  an  instrument  for 
freezing  water  by  its  own  evaporation,  which 
beautifully  illustrates  some  of  the  foregoing 
principles.  It  consists  of  a  tube,  half  an  inch 
or  more  in  diameter,  with  a  bulb  blown  at 
each  end,  one  of  Ibem  having  a  small  aper- 
ture, A,  by  whioh  a  small  quantity  of  water 
ia  introduced,  sufficient  only  partly  to  fill  one 
of  the  bulbs.  This  water  is  first  all  collected 
in  (be  lower  bulb,  and  the  heat  of  a  lamp 
applied,  so  as  to  cause  it  to  boil  briskly;  and 
while  tho  intotior  is  filled  with  steam,  tbe  aperture 


Is  quickly 


—What  will  be  the  efi'ect  of  holding  the  flask  over  a  lamp  t 
What  is  the  effect  if,  when  cold,  tbe  flask  ia  ebaken !    50.  Describe  the 
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Boaled  liermcfiGally,  and  tlio  lamp  rcmoveiJ.  Wtion  it  lias  become 
cold,  tKe  water  is  passed  to  the  upper  bulb,  as  represented  in  the 
figure  (p,  49),  and  the  instrument  supported  on  a  stand,  with  the 
lower  bulb  in  a  beaier  glass.  All  the  interior  is  now  filled  with 
vapor  of  water,  esoept  a  part  of  the  upper  bulb,  but  no  evapora- 
tion of  the  water  can  take  place,  because  of  the  presence  of  tbia 
vapor.  But  by  removing  the  vapor,  which  is  accomplished  by  sur- 
rounding the  lower  bulb  with  a  freezing  misture  of  salt  and  snow, 
to  condense  it  rapidly,  evaporation  of  the  water  is  produced,  attended 
with  cold  sufficient  to  freeze  the  most  of  it,  even  in  the  warmest 
weather. 

Ihe  pulse-fflass,  as  it  is  called,  ia  a  very  similar  instrument,  and 
is  made  in  tlie  saine  manner,  except 
that  ether  ia  used  in  it,  instead  of 
water.  By  grasping  one  of  the  bulbs 
finuiy  in  the  hand,  the  vapor,  by  ils 
expansion,  will  immediately  force  all 
tlie  liquid  into  the  other  j  and  the 
moment  it  has  all  passed  through  the  stem,  an  appearance  of  vio- 
lent ebullition  ia  produced,  attended  by  a  distinct  sensation  of 
cold  in  the  hand  which  grasps  the  haib.  This  is  oocasioncd  by 
the  rapid  evaporation  of  the  film  of  liquid  lining  the  inside  of 
the  bulb. 

51.  Effect  of  Perspiration  upon  the  Animal  System.— The 
effect  of  evaporation  in  withdrawing  heat  is  admirably  illustrated  by 
the  process  of  perspiration.  The  natural  temperature  of  the  human 
body  ia  about  98°,  but  when  we  take  active  exercise,  or  are  exposed 
to  a  great  degree  of  heat,  there  is  a  tendency  to  a  rise  of  tempera- 
ture above  that  which  is  conducive  to  health ;  aud  the  most 
injurious  effects  would  ensue,  if  they  were  not  prevented  by  the 
rapid  evaporation  which  takes  place  from  all  parts  of  the  surface 
of  the  system. 

Esamptes  of  the  power  of  the  human  body  to  sustain  great  and 
apparently  even  dangerous  elevations  of  temperature,  are  on  record. 
It  ie  well  known  that  individuals  have  voluntarily  exposed  thcni- 

QcBSTiONE.— Desoritie  i\is palse-gkss.  51.  W!in.t  is  the  effect  ofpnsp/fa- 
lion  upon  the  animal  system?  Wilt  the  haraau  body  EUstiiin  high  ttio. 
pBiiitureH  for  a  IJmo  wLlJiout  injorjf 
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woida,  the  he  p  m  y  <.    ,         s 

would  be  but  fur  this  arrangement. 

We  have  seen  above  (38)  that  heat  given  out  by  the  freezing 

of  water  in  winter,  prevents  the  low  reduotJoa  of  feoiperaturo  that 

Id      hfli-wise  be  esperienoed;  and  we  carrnot  here  less  admire- 

I     w     derful  provision  of  Providence,  by  which,  on  the  other 

3  heat  of  summer  is,  to  some  extent,  limited. 


63  Li  nifls  upon  very  Hot  Surfaws.— Liquids,  as  water,  Ihrown  upon 

01  urfoces,  heated  nearly  to  redness,  instead  of  adbering  to  the 

A  rapidly  evaporating,  will  sometimes  be  seen  to  roll  nrounil  in 

(T  apparently  witliout  touchiug,  titidl  at  length  they  gradually 

Tliis  is  occasioned  by  an  atmospliere  of  Tapor  that  is  formed 

e  globules  of  liqntd,  by  its  rapid  formation  preventing  the  tern- 

rem  rising  as  high  as  the  boiling  point,  and  also,  by  its  elasU- 

p       nting  tbe  liquid  from  coming  in  contoot  wifh  the  metallic  plate. 

opped  Dpon  the  surfaoe  of  heated  oil  of  vitriol,  esbibits  a  like 

m     on.     This  has  been  called  tke  spheroidal  slate  of  liqnids. 

Mfl, — 52.  How  is  the  heat  of  summer  modified!     Why  does  a 
alk,  separated  from  its  root,  so  rapidly  wilt  in  wnrm  weather? 
constantly  evapovatiug  from  the  leaves  and  stalks  of  plants  T 
D        be  the  acdia  of  a  drop  of  water  upon  a  very  hot  surfaoe. 
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54.  Dew, — Dew  is  a  deposit  of  moisture  from  the  atmosphere 
upon  a  cold  surface  in  contact  with  it.  If,  in  tiie  summer,  a  ves- 
sel is  lefc  but  a  few  minutes  filled  witli  ice-water,  or  even  cold 
spring- water,  dew  soon  collects  upon  it,  and  after  a,  time,  the  water 
thus  condensed  trickles  down  the  surface  in  drops.  A  surface 
upon  which  dew  is  seen  to  form  will  alwaja  be  found  colder  than 
the  surrounding  air;  and  the  particular  temperature  at  which  it 
begins  to  form  is  called  the  dew-point.  When  the  air  is  very  dry, 
this  point  will  always  be  considerably  below  the  temperatuie  of  the 
air;  but  when  there  is  much  moisture  present  this  will  not  bo 

g  tarn  D,  there  is  usually 

m  p  w  upon  the  leaves 

d  ta  d  to  the  open  air 

T  h  from  bjdie«  at  the 

ta  y  duung  the  night, 

g        m      w  mperatu  e  of  the  a  r. 

S  w  (30)    as  p  li-,hel 

in  ta  ce  m  thsm    while  good 

g  m         be  y  covered  with  it 

w  h  )  generally  Iittk  dew, 

b  m  fleote  1  back  by  the 

clouds,  and  by  susp.ndin^  cvlu  a  small  handierchief  by  the  four 

corners,  a  few  inches  from  the  earth,  the  deposition  of  dew  on 

Bubslances  under  it  is,  for  the  same  reason,  preienCed 

In  some  warm  countries,  water  is  said  to  be  frozen  duiing  the 
night  by  the  rapid  radiation  which  takes  pkce  fiom  it?  suifaco. 
The  waler  for  this  purpose  is  poured  into  shallow  pans  so  situated 
33  lo  receive  as  little  heat  as  possible  from  the  earth 

55,  Hygrometers.— Hygrometers  a  n  un  nts  f  d  m  n 
il^  tlio  relative  quantity  of  watery  vap  p  n  y  me  n 
thb  atmosphere.  Daniel's  hygromete  p  ndnhfiue 
on  p.  53)  is  mneh  in  use.  It  consist  fau  Awhabb 
at  each  cud,  and  is  formed  in  the  sam    n    nn     a  j  ph    u 
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53 


(50)    escept  that  It  containa  ether  instead 

it  watei      Tbi,  tube  is  supported  by  a  stand, 

and  the  lower  bulb,  whn,h  is  usually  made 

of  colored  glass,  is  about  half  filled  with  the 

ether,  having  in  it  the  bulb  of  a  very  leli 

cate  tbnraointter,  with  its  sti.m  cslending 

iipwird   in   the   tul  e      The  other  bulb  is 

emfty,  ci  contuna  only  the  vipor  of  ethei, 

and  IB  co'\ered  with  muiJin      To  the  stand 

IS  13  tttaded  a  small  thermometei,  to  indi 

ojte  the  tempeiature  of  the  an      By  pour 

Hg  a  little  ether  upDn  the  muslin,  the  bulb 

la  cnoled,  anl   the  vapor   of  ether  within 

conden'ied    and  a  rapid  evipontion  of  the 

othii  m  the  bulb  produced,  ai9  in  the  orjo-  ^^'  "° 

phorus       This  occasions  1  cojling  of  the  coloied  bulb,  ml  a 

deposition  of  dew  upon  ita  suriace,  the  small  thermometer  withm 

showing  the  exict  leraporafuie  at  which  the  process  commecoos, 

whioh  IS  til  ea  as  the  dew  point      Properly,  howevei,  it  is  the 

d  ffertnct.  bt,fwecn  the  tenijeriture  thiis  obtiined,  and  the  iem 

perature  of  the  in,  whi(,h  shows  the  reil  state  of  tbe  air   la  to 

moisture 

A  decided  objection  to  the  use  of  this  instiument  13  found  m 
tie  ftct,  that  it  IS  tstremtly  diffii,uU  (o  detcimine  accuritely 
tbe  moment  when  the  foimation  of  dew  upon  thp  bulb  actually 
commenoea  Its  indications,  therefore,  cannot  alwiys  be  fully 
iched  on 

The  wt  bulb  ilmmomefcr  is  now  mostly  used  to  determine  the 
hygrometiic  state  of  the  atmosphere  Two  thermimetci  are 
atnrhed  to  the  same  support,  as  shown  in  the  figure  on  p  b-i, 
one  of  them  having  ■»  piect  of  mu'hn  wrapped  aiound  its  bulb, 
which  la  hcpt  wet  by  a  stung  leading  to  it  fiom  a  small  fountjm 
of  water  attnehed  aho  to  the  support  between  the  theimonietcrs 
Now,  as  the  e(aporation  from  the  raualm  neeesaari!y  leduoes  the 
tempeiature,  this  thermometer  will  always  stiad  a  little  lower 
thin  the  oihei,  the  bulb  of  which  is  I  j ,  anJ   moieovei,  is  the 
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rapidity  of  tba  evapriralion  from  the  ruusHn  will 
depend  upon  tiie  dryness  of  the  air,  tliD  difference 
between  the  readings  of  the  thernio meters  will 
indicate  its  true  hjgromotrio  condition. 

66.  Watery  vapor  exists  in  three  different  states  : 
1.  As  transparent,  invisible  steam,  as  it  rises  from 
boiling  water,  and  before  it  cornea  in  contact  with 
the  air;  2.  As  it  appears  partially  cnndcnsec!,  after 
escaping  into  the  air;  and  3.  As  it  exists  in  the 
atmosphere  at  all  temperatures,  but  icvisihle  to 
the  eye.  That  steam,  before  coming  in  contact 
with  the  atmosphere,  is  peifectly  transparent  and 
invisible,  is  shown  by  paitlj  filling  a  glass  vessel 
with  water  and  causing  it  to  boil  rapidly.  The 
steam  within,  a.bove  the  water,  cannot  be  seen 
until  it  escapes  into  the  air,  and  becdmes  partially 


collections  of  watery  vapor,  in  this  partially  con- 
densed state,  in  the  upper  regions  of  the  atmosphere,  and  differ 
ftomfog  onlyin  their  more  elevated  position. 

The  moisture  that  constitutes  clouds,  when  fully  condensed, 
falls  in  rain  upon  the  earth,  or  is  solidified  and  falls  m  beautiful 
crystals  (_25),  as  unow.  If  the  drops  of  rain  are  frozen  after  they 
are  formed,  hail  ia  produced. 

If  in  warm  itaather  a  quantity  of  air  be  forced  into  a  large  glass 

slight  mistiness  will  usnally  be  seen  witiin,  occnaioned  by  a  partial  con- 
densation of  tha  watery  vapor  forced  in  with  the  air.  If  tlie  process  ia 
several  times  repeated,  drops  of  water  may  be  obtained,  forming  a,  kind 
of  artificial  rain. 

In  the  manner  stated  above,  all  the  water  upon  the  surfaoa  of  the 
eartli  is  snbjected  to  a  constant  natural  distillation;  pure  water,  in  the 
form  of  vapor,  rises  in  the  oir  from  the  leavaa  of  plants,  from  the  earth, 
and  from  the  surface  of  the  ocean,  rivers,  and  lakes,  to  be  again  ditfiiaed, 
in  rain  and  Snow,  Over  the, earth,  producing  everywliere  vigor  and  life, 
both  in  the  vegetable  and  animal  world. 

57.  Lictnefaotion  and  Congelation  of  Gases. — By  great  pres- 
sure, or  by  pressure  and  a  low  reduction  of  temperature,  many  of 

Questions. — 56.  In  whnt  three  states  does  waterj  vapor  exist  ?  Whal 
K^  clouds?  Whut  ii  ram?  57.  How  may  mauy  of  t!ie  gases  be  reduced 
to  the  liquid  state  ? 
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tliG  ga'ea  may  be  reduced  to  the  liquid  state,  and  tho  liquids  thus 
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ng  A      h     g 
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creased  by  the  further  evolution  of  gas  from  tbe  matei  wis,  without 
any  inore^e  of  pressure,  if  the  temperature  is  kept  uniform.  The 
beat  tuba  is  particularly  adapted  for  the  liquefaction  of  cyanogen 
gaa.  To  form  this  gas,  dry  cyanide  of  mercury  is  used,  a  portion 
of  it  beine  plated  id  the  closed  end  of  the  tul  e,  and  ihe  other  end 
hermetically  sealed  Moderate  belt  is  then  ippliel  to  tbe  end 
containing  the  ejanide  the  othor  end  bem^  oouled  by  a,  freezing 
m  iture  of  snow  and  salt  As  the  cyanide  is  deoomj  ose  1  I  y  the 
belt,  tbe  cyanogen  first  takeb  the  gase  us  f)rm  but  is  subse 
quently  condensed  by  the  pleasure  and  cold,  and  collei-ts  in  the 
empty  end  of  the  tube 

Of  tbe  diffeient  jjjsei  some  require  a  much  greater  picture 
tl  in  others  to  condense  them  to  the  liquid  state  At  U"  sulphurous 
ac:d  gas  becomes  liquid  under  the  ordmary  atmospheric  pressure, 
but  at  82"  it  requires  a  pressure  of  2  atmospheres  to  produce  the 
effect.  Carbonic  acid  gas  at  0°  has  a  tension  of  23  atmospheres, 
and  at  32°  a  tensioa  of  36  atmospheres;  at  higher  temperatures 
the  tension  is  still  more  increased. 

The  liquids  formed  from  the  gases,  in  the  manner  described, 
may  be  froaon  by  the  great  cold  produced  by  their  own  evapora- 
tion, or  by  esposing  them  in  tubes  to  intense  cold.  lu  the  former 
sase,  tbe  solids  formed  will  appear  like  snow,  and  in  the  latter,  like 
tlear,  transparent  ice. 
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5S.  For  preparing  email  quantities  of  solid  carbonic  acid,  the 
fiillowing  apparatus  answers  well,  and  is  mucli  less  espensivo  than 
Ei-.eh  aa  are  usually  purchased  of  the  manufacturers  of  philoso- 
phical instruniputs. 

T      g  mmoa  mercury  flask,  LiTing  the  nper- 

are  at  the  neck  a  litlle  enlarged,  so 

II  s  to  be  about  an  iuch  nod  a  quarter 

n  diameter.     A  plug  of  casl-steel,  D, 

3  theu  made  of  a  bar  two  inches  at 

east  iu  diameter,  and  turned  itith  a 

■wide  and  smooth  shoulder  so  as  to  fit 

ocuraMy  upon  a  collar  of  bloek-ljn, 

when  aorewed  into  its  place,  as  repre- 

ented   in  the  figure.      The  valves, 

which  are  the  most  diSlonU  part  t<i 

oustruot,   on  account  of  the  great 

pressure  that  is  to  be  overcome,  are 

iserted  in  the  plugs,  a  Geoond  one 

f  which,  precisely  like  the  preceding, 

a  mode  to  screw  into  the  receiver,  C, 

Into  the  upper  end  of  each  plug,  a  hole 

n  inch  iu  diameter  is  bared  about  one 

uch  deep,  and  terminates  in  a  conical 

point ;  from  which  an  aperture,  a  tenth 

f  an  inch  in  diameter,  is  bored  quite 

BoWi       g    aibo  hrough  the  plug.     E  H  is  composed 

f  two  pcj^,  90  construoteil  that  when 

w  d  £  ra  h  ug,  and  tho  part  II  which  terminates 

p  wd      w  escape  of  the  gas  from  tJie  generator 

ff  p  h  part  His  screwed  upward,  the  escape 

of  the  gas  around  E  ia  prevented  by  the  linn  pressure  of  the  sliouldor 

of  E  upon  the  washer  X,  and  a  shoulder  upon  the  loner  part  H,  which 

presses  against  tlie  bottom  of  E,  and  produoes  the  same  effect  with  regard 

to  the  escape  of  ilio  gas  around  tho  thread  of  the  screw  H, 

Instead  of  the  valve  described  above,  the  following  nnswers  hotter  for 
the  generator,  as  the  passage  at  the  bottom  of  the  plug  ia 
not  liable,  as  io  the  other  construction,  to  be  closed  by  the 
sulphate  of  soda  wbioli  is  formed.  The  part  H  extenda 
quite  tlirough  tiie  plug,  having  at  the  lower  extremity  a  nut. 
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about  a  pint.  Tho  tube  L  EbouM  acrevr  into  the  plug  conucoted  with  tha 
raceiver,  liaviiig  ils  otber  eitcemitj  tenniDite  in  a  conical  point  to  fit 
into  a  cnvity  prepared  for  it  ia  the  other  plag-  By  means  of  the  stirrnp- 
screwa  M  and  N,  and  the  block  of  mood  0,  the  receiver  may  then  be 
firmly  screwed  in  its  place ;  and  when  both  the  valves  are  open,  there 
will  be  a  free  passage  between  it  and  the  generator,  but  no  commnnioa- 
tion  of  either  irith  the  open  air. 

To  make  use  of  this  apparatus,  the  generator  and  receiver  are  separated, 
and  the  plug  B  being  removed,  2J  pounds  of  bicarbonate  of  Boda,  made 
into  a  paste  witb  the  same  weight  of  water,  ore  Introduced  iuto  A,  and 
21J  ounces  of  Strong  sulphuric  acid  are  poured  into  several  copper  ves- 
sels, made  a  little  sliorter  than  the  length  internally  of  the  generator,  and 
of  such  a  diameter  that  they  wilt  just  pass  the  aperture.  These  Ijeing 
nearly  filled  wiUi  acid  are  dropped  into  the  generator,  vfhioh,  nfter  the 
plug  B  ia  inserted,  is  allowed  to  lie  on  one  side  for  fifteen  or  twenty 
luioutes,  and  several  times  rolled  over,  to  mix  the  acid  with  the  soda. 
The  receiver  ia  then  attached  to  it  as  seen  in  the  figure,  by  means  of  the 
stlrrnp-sereiTS  M  and  N ;  and,  if  kept  sufficiently  cool  by  means  of  ice, 
the  liquid  carbonic  acid  formed  in  A  will  shortly  be  distilled  over  into  C, 
the  passage  between  tliem  being  of  course  previously  opened. 

The  valvea  are  now  to  be  closed,  and  the  receiver,  which  contains  the 
liquid  carbonic  acid,  separated  from  the  generator.  A  small  tin  cup  (not 
ropresented  in  tlie  figure)  is  then  to  be  attached  to  the  tube  L,  to  receive 
the  jet  of  acidfl'om  the  receiver.  It  ia  essential  that  theZtgiiirf  acid  shoold 
escape  into  this  cup,  which  is  efiected  by  having  a  smali  tube  pass  from 
tlie  steel  plug  nearly  to  tbe  bottom  of  the  receiver,  or  by  invertiug  the 
receiver  before  opening  the  valve. 

The  apparatus  should  be  well  tested,  at  least  three  times,  before  run- 
ning any  risk  by  venturing  to  handle  it  while  charged.  This  is  best  done 
by  means  of  a  hydraulic  press ;  but  the  same  object  may  be  accomplished 
very  eft'eotually  by  standing  the  apparatus  when  charged  in  a,  tub  of  water 
heated  to  about  160°,  so  that  when  the  apparatus  and  water  have  attained 
tlie  same  temperature,  it  shall  not  be  lower  than  130°.  If  a  more  severe 
test  is  desired,  tbe  water  may  be  made  sUli  warmer. 

In  constructing  an  apparatus,  care  should  always  be  taken  to  make 
the  reoeiveF  of  not  more  than  one-fifth  the  capacity  of  the  generator. 
The  quandty  of  materials  used  should  also  be  just  sufEcient  very  marly 
to  fill  tlie  generator. 

In  using  this  apparatus,  when  the  liquid  ia  received  in  the  cup,  it 
liisaes  and  boils  with  the  greatest  violence;  and  the  cold  produced  by 
the  evaporation  of  a  part  of  it  is  so  great  aa  to  freeie  the  rest,  which  is 
retained  in  the  cup  as  a  fine  white  snow.  By  rolling  this  in  balls,  and 
wrapping  it  in  cotton,  it  may  be  kept  some  time ;  but  in  the  open  air  it 
evaporates  rapidly,  and  intense  cold  is  produced,  equal,  it  is  said,  lo 
— 148".  By  moistening  the  solid  with  ether,  and  placing  it  in  an  exhausted 
receiver,  it  is  claimed  that  a  temperature  as  low  as  175°  or  180"  below 
lero  has  been  produced. 

The  solid  does  not  mis  with  water  when  immersed  in  it;  a  ball 
of  it  thrown  upon  the  surface  of  water  floats  about  lightly,  and  at 
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length  II  poi'tioa  of  water  in  contact  with  it  is  frozen  by  tho  iutenso 
told.  With  Riilphurio  ether  or  chloroform  it  misea  readily,  aad 
tbe  pasty  mass  rapidly  evaporates,  producing  intense  cold. 

Mercury  which  oocgeals  at  about  — 40°  is  readily  frozen  hy 
being  kept  a  short  time  in  contact  with  the  solid,  surrounded  hy 
BOnie  cotton,  or  hy  immersing  it  in  a  mixture  of  tho  solid  and 
etiier  or  chloroform. 


59  When  a  bodj  is  ezpjied  to  any  souice  ot  heat,  its  tem- 
porjture  use',  tad  the  substance  of  heat  is  supposed  to  accumu- 
late m  it,  tut  the  same  quantity  of  beat,  imputed  to  difilrent 
bodie'',  wilt  not  raise  their  temperature  alike  Thus,  it  a  pound 
of  witcr  and  a  pound  of  meioury,  in  simihr  ves&eh,  and  at  the 
s  ime  temperiture,  be  exposed  to  the  same  Eouree  of  heat,  the 
lemperituie  of  the  mercury  mill  rise  ibout  30°,  while  that  ct  the 
iritet  iibos  only  1'  It  appears,  therefore,  that  it  lequiies  30 
times  as  much  heat  to  raise  the  tempcrttuie  of  walei  my  gnen 
amount,  as  It  does  to  produce  the  lame  t£fi,i,t  upjn  nieicuij 
Ihia  idea  is  expiessed  by  'ajing  that  tho  piojic  h/ali,  ct  ihesi. 
Bubstinoes  are  as  30  to  1,  or  we  say  (^as  some  prefei)  that  the 
capacity  for  htaf  <  f  water  is  to  that  of  mercury  as  30  to  1 

If,  instead  of  comparing  equal  weights  of  the  two  subntances, 
we  take  equal  volumi-s — as  a  pint  of  each — ind  expo=e  them  to 
tho  same  uniform  source  of  heit,  we  shall  find  thit  while  the 
water  gams  1°  of  heat,  the  mercury  will  gim  2",  or  a  litlle  more 
To  expiess  this  relation  we  use  the  term  relulive  heat,  and  we 
soy  therefore  that  water  has  more  than  twice  the  relative  heat  of 
lueiouiy 

Othei  methods  of  determining  the  ipecifio  heit  of  bodies  hive 
b^ea  deM^ed,  one  or  two  examples  of  which  will  be  gi\eu      If  a 

Quit  SI  IONS. —What  is  said  of  the  solution  of  the  solid  in  olilovoforin  niid 
ptlier  !  How  may  mercury  be  frozen  by  uaa  of  ttie  solid  aoid  ?  53.  Will 
(lie  same  quantity  of  heat  imparted  to  different  bodies  haat  thorn  alzlio? 
If  like  quactitiea  of  wafer  and  mercury  are  exposed  to  the  same  source 
of  ileal  nill  they  iu  liie  same  (ime  bo  heated  alilte  1 
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pound  of  olive  oil  ind  t  pound  of  witer  be  heatid  to  BOme  j.m"n 
temperature,  say  SO'^,  and  then  phoed  in  ■»  oold  room,  and  tin. 
Dumber  of  minutei  notod  which  is  ri,c[uned  tor  eich  to  cool  in 
ei^uai  number  of  di-grec?  eay  to  50",  it  will  he  tound  that  the  cil 
will  cool  in  less  than  hilf  the  time  required  by  the  water,  but  is 
both  substaucea  must  be  supposed  to  lose  equal  quantities  of  he  it 
in  equal  times,  it  follows  'hit  the  water  lau'tt  have  coclaiOLd  mnii_ 
than  twice  as  niucli  as  the  oil ,  or  the  capioitj  of  w  iter  foi  ht-t 
is  more  than  twice  that  of  this  oil 

If  a  piece  of  copppr,  of  a  pound  weight,  be  heifel  to  300°,  by 
holding  it  a  few  minutea  m  meicury  at  this  fonipeiiture,  and  then 
iintneiscd  in  a  pound  of  water  at  50°,  the  copper  will  give  out 
heat  to  the  water  untd  the  temperatuie  of  both  will  be  at  7^° 
Now,  the  copper  has  lof,t  223°  of  heat,  and  the  witei  has  aequiicd 
22°.  The  specific  heat  of  water,  therefore,  is  to  that  of  copper  as 
228  to  22. 

It  is  usual  to  make  water  the  standard  in  comparing  the  specific 
heats  of  bodies,  coDsidering  its  speeifio  heat  aa  I'OOO;  we  shall 
then  have  the  specific  heat  of  mercury  ''^g^^^-OSS,  and  that  of 

No  two  substonces  have  the  same  specific  heat,  but  every  sub 
stance  has  a  speciho  heat  peculiar  to  itself,  and  which  is  to  he 
eonsideied  is  one  of  its  owu  pccniiir  propeities 

The  folIoniHg  table  exhibits  the  speufio  heats  of  «evei  d  well 
known  substances  — 


Water 

1000 

Gold 

un=2 

0  114 

&iWer 

0  0^7 

Copper 

0  096 

Alcohol 

0  64j 

Lead 

0  031 

Tin 

OOob 

Sulphur 

0  208 

PlatiDum 

0  032 

Phosphorus 

0188 

Zme 

0  09a 

Dmraonii 

0119 

Mereury 

0  0>^ 

Graph  lie 

thl  of  Turpentine 

0  167 

Charooa! 

OLOl 

Ether 

O'i03 

The  speoifio  heat  of  a  body  depends  t>  some  extent  upon  ita  tempera 
lure  being  gieater  as  the  tempeiatuce  is  higher 

Chant,e  of  density  in  a  body  18  usually  attended  by  a  correspond 
ing  (.hange  m  its  specifii,  huat,  which  is  inaLiaod  aa  the  deu  itj  i= 
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II.    LIG-HT. 

NATURE    AND    SOURCES    OP    LIGHT. 

61,  Nature  of  light. — Although  innumerable  ohsen-ationa 
and  esperimente  have  been  made  upon  light,  jet  jt  must  be 
admitted  that  some  doubt  and  obscurity  still  remain  cnnoeming 
ita  real  nature.  But,  in  the  absence  of  positive  knowledge,  two 
theories  of  light  have  been  proposed,  by  each  of  which  nearly  all 

QuBSTiOKs. — How  does  oliango  of  density  in  a  body  affect  its  specific 
heat  1  60.  Ueseribe  the  fire  nynnge.  61.  Do  we  nnderetand  fuUj  tlia 
real  nature  of  light  1 
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tbe  ptenomona  attending  it  may  be  satisfaotDnly  exphiued ,  anJ 
It  11  idmitted  that  each  ib  also  attended  witb  ite  peculiar  difficuldes 
These  lie  called  the  2^mot(miun,  or  corpuscular,  and  the  vndulatoiy 
theonea 

63  The  iVfuConiara  ;Seo!^  supposes  ligtt  to  be  mafeiial,  in! 
to  oonaiat  ot  in  con  cen  ably  minute  pirlicle*;,  which,  however,  iie 
too  subtile  to  exhibit  the  common  propeitiea  <f  matter  These 
particles,  emanating  from  luminous  bodies,  such  as  tbe  sun,  the 
fixed  stii?,  and  inoandesoent  subslinces,  and  tiivehiig  with  im 
menso  TJicity,  exeite  the  sensation  of  ligbt,  it  is  -upprscd,  by 
passiDg  bodily  through  the  eubstanfe  of  tbe  ne,  anl  striking 
against  the  expanded  nerve  of  vision,  the  retini  Tbe  ^b  lo 
language  of  optics  is  founded  on  this  theory 

63  The  undidatory  iluory,  or  thw  y  of  Buyjens,  which  is 
now  generally  adopted,  denies  to  light  a  sepnrate  mitenil  cii^t- 
enoe,  and  ascribes  its  effects  to  tbe  Mbradons  or  undulatjons  of  a 
subtile  ethereal  medium,  Gupposcd  to  be  univci  silly  pre=ent  in 
nature,  tbe  pulses  of  which,  in  some  way  exciti-d  bv  luminous 
objects,  pass  through  space  and  transpirect  bodies,  and  gi\e  ii  e 
to  \ision  by  impressing  the  retina,  m  the  same  wiy  a^  pulsations 
of  air  impress  the  nerve  of  bearing,  to  produce  the  sensitiou  of 
sound  —(See  Nuttii  al  Fhth>,rp7iy,  p  18B  ) 

64,  Light  IS  not  a  homogeneous  substance,  as  might  le  sup 
posed,  but  the  white  light  of  the  sun  is  made  up  of  r'iys  of  several 
different  colors,  a^  will  be  shown  when  we  come  to  sfeii  of  it^ 
decomposition,  or  inalysis  So,  also,  it  la  capable  of  producing 
several  distinct  chsses  of  effects,  which  have  been  attributed  to  the 
action  of  distinct  agents,  as  the  c  loj-ijic  rays,  or  tbe  rays  which 
produce  the  phenomena  of  color,  the  hmfmj  rays,  and  the  ch/mi- 
cal  rays,  or  those  which  ire  capable  of  produc  ng  chemical  changes 
Thus  it  is  possible,  by  causing  the  solar  ray  to  pass  through  certain 
substances,  to  separate  the  heat  entirely  from  it;  or  its  illuminating 
power  may  be  destroyed,  and  a  distinct,  invisible  ray  of  heat  be 
obtained.  So,  also,  chemical  effects  may  be  produced  by  rays  which 
seem  to  be  destitute  of  any  heating  or  Uluminating  power. 

QuEsiaoNS. — 62.  Describe  tlie  Nsmtoman,  or  corpusadar  theory  of  liglit. 
63.  Describe  the  undvlalory  iheory.  64.  IVhat  colored  rajE  are  ooiitnined 
In  the  white  light  of  the  sun?    What  other  rajs? 
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65.  Sources  of  Light. — Tbe  sun  is  the  great  source  of  light  to 
the  earth,  aud  all  thiogs  upon  its  surface.  Aa  rays  of  boat  always 
accompany  the  light  of  the  sud,  it  is  natural  to  suppose  that  tbe 
sun  is  an  intensely  heated  mass,  which  is  constantly  throwing  off 
both  light  and  heat  in  every  direction,  like  a  red-hot  cannon-ball 
suspended  in  the  air;  but  this  cannot  be  proved.  At  the  present 
day,  it  is  generally  believed  that  the  body  of  the  sun  is  a  dark, 
opaque  substance,  surrounded  by  luminous  clouds,  unlike  any- 
thing, perhaps,  with  which  wo  are  acquainted  upon  the  earth,  but 
■which  are  the  real  source  of  the  sun's  rays.  These  clouds  are 
supposed  to  be  of  great  thickness;  but  occasionally  they  break 
away  in  places,  showing  the  body  of  the  sun  beneath  them,  which 
constitute  the  spots  often  seen  upon  his  surface. 

The  great  distance  of  tbe  sun  from  the  earth— 95,000,000  of 
miles — very  probably  will  ever  prevent  us  from  knowing  more 
■with  certainty  of  his  real  nature. 

Artificial  light  is  produced  by  various  modes,  but  chiefly  by 
eorabuBtion,  by  the  burning  of  a  lamp  or  candle,  or  a  mass  of 
charcoal;  but  it  may  also  be  producec!  by  galvanism, — in  a  man- 
ner to  be  hereafter  explained,— by  decaying  animal  and  vegetable 
substances,  called  phosphort,  and  by  every  means  which  produce 
great  heat. 

All  bodies  begin  to  emit  light  when  heat  is  accumulated  within 
them  in  great  quantity ;  and  tbe  appearance  of  glowing  or  shining, 
which  they  then  asf-ume,  is  called  Incandescence.  The  tempera- 
ture at  which  solids  in  gener^  begin  fo  shine  in  the  dark,  is 
between  600°  and  700";  but  fhey  do  not  appear  luminous  in 
broad  daylight  till  they  are  heated  to  about  1000°.  The  color 
of  incandescent  bodies  varies  with  the  intensify  of  the  heat.  The 
first  degree  of  luminousness  is  an  obscure  red.  As  the  heat  aug- 
ments, the  redness  becomes  more  and  more  vivid,  till  at  last  it 
acquires  a  full  red  glow.  If  the  temperature  still  increase,  the 
character  of  the  glow  changes,  and  bj  degrees  it  becomes  white, 
shining  with  increasing  brilliancy  as  the  heat  augments.  Liquids 
and  ga?os  htcome  incandescent  when  slrongly  heated ;  but  a  very 

(iuEBTioNs.--65.  What  is  tlie  grefit  som-ce  of  light  to  the  eaj-l.h  ?  How 
19  artifioifll  light  produocii?  At  what  temperature  do  bodies  begin  to 
emit  light  1 
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liigli  temperature  ia  required  to  render  a  gas  luminous,  more  than 
is  sufficient  for  lieating  a  solid  body  even  to  wbitenesa.  The  dif- 
ferent kinds  of  flame,  aa  that  of  a  wood-fire,  oaadlea,  and  gas-liglits, 
are  instances  of  incandescent  gaseous  mutter. 

Artificial  lights  differ  greatly  iu  color,  some  being  of  a  brilliant 
white,  and  others  being  red,  blue,  yellow,  or  green.  The  chemical 
agency  of  artificial  light  ia  ia  general  analogous  to  that  from  the 
sun ;  but  ia  most  cases  it  is  too  feeble  to  produce  very  decided 

6Si  MBiD;  substances  huTe  tlie  poireT  of  emitdng  a  feeble  light,  aunt- 
tended  by  seneible  heat,  and  are  called  phoaphori  (from  (wo  Greek  words, 
ji/ias,  light,  and  phero,  I  bear).  Certain  living  aaimals  also  possess  tho 
same  property,  as  the  glow-worm,  and  the  common  tire-fly.  This  pro- 
perty of  bodies  is  termed  tbeiv  pAosphoi-escfiice. 

Some  phosphori,  aa  that  prepared  by  mixing  aalphur  and  oyster-sliells, 
und  exposing  the  mixture  for  a  time  to  a  strong  heat,  the  diamond,  Suor- 
spar,  &c.,  shine  only  after  having  been  heated,  or  eipoaed  for  a  few 
moments  to  a  strong  light;  wliile  others,  as  moiat,  deoajing  wood,  and 
decaying  £ah,  shine  without  such  prejiaration,  even  at  ordinary  tern- 
Light  sometimes  appears  during  the  process  of  crystallization.  This 
is  exemplitied  by  a  tepid  solation  of  sulphate  of  potassa  in  the  aot  of 
crystallizing;  and  it  has  been  likewise  witnessed  under  similar  oircum- 
Blanoes  in  a  solution  of  fluoride  of  sodium  and  niti-ata  of  atrontia.  An- 
other instance  of  the  kind  ia  afforded  by  (he  sublimation  of  benzoic  acid. 
Allied  io  this  phenomenon  is  the  phosphorescence  which  attends  the  sud- 
den oontraetioa  of  porous  substacoes.  Thus,  on  decomposing  by  heat 
the  hydrates  ot  lircouia,  peroxide  of  iron,  and  green  oside  of  ehromiom, 
the  dissipation  of  the  water  ia  followed  by  a  sadden  increase  of  density 
snited  to  the  changed  state  of  tlie  oxide,  and  a  vivid  glow  appears  at  tlie 
same  instant.  The  essential  conditions  are  that  a  substance  sliould  be 
naturally  denser  after  decomposition  than  it  was  previously,  and  that  the 
transition  from  one  mechanical  slate  to  the  ot^er  should  be  abrupt. 

67.  FJiotometers  are  instruments  for  measuring  the  comparative 
iotensities  of  different  lights,  of  wliieh  several  hinds  have  been 
pioposed,  but  it  does  not  enter  into  our  present  purpose  to 
describe  or  discuss  their  comparative  merits. 

To  determine  the  comparative  intensities  of  two  lights,  as  that 
fiom  diflerent  candles  or  lamps,  the  following  method,  originally 
proposed  by  Count  Rumford,  is  perhaps  as  reliable  as  any;  and 
has  the  advantage  of  requiring  little  and  very  cheap 
Let  L  be  a  lamp,  and  C  a  candle,  the  lights  of  which  W' 
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compare.  Provide  a  screen,  S,  of  white  paper,  whii,b  in  to  be  put 
in  a  frame  and  properly  supported  by  a  st^nd,  as  =hown  m  the 
figure,  and  also  a  small  cylinder,  C,  of  wood  or  some  opaque  sub 
stauee.  Then  place  this  cylinder  la  an  upright  position  in  front 
of  the  screen,  in  such  a  position  that  its  shadow  from  both  of  the 
lights  shall  be  thrown  side  by  side  upon  the  scieen,  but  nDt  o'Vfci 
lapping  each  other,  and  removing  the  lights  to  different  d  stiuc  's 
until  the  shadows  appear  of  perfectly  equal  inten^iities  Ibi,  com- 
parative intensities  of  the  two  lights  will  then  be  ai  the  "squares 
of  the  distances  of  the  lights  from  the  screen  In  the  present 
case,  L'  will  be  the  shadow  from  the  light  of  the  lamp,  ■ind  C 
that  from  the  light  of  the  candle,  and  the  intensity  of  the  lamp 
light  will  bo  to  that  of  the  candle  light  as  LL'^is  to  CC'°     If  LL' 


is  50  inches  aod  CC  45  nches  then  w  11  the  1  ^ht  of  the  lamp  be 
to  that  of  the  candle  as  "OUO   s   o    0'>5  or      1    34  is  to  1. 

This  method  is  founded  upon  ha  f  t  t  be  1  ustrated  in  tho 
nest  paragraph,  that  the  n  ens  y  of  he  1  ^ht  f  om  any  luminous 
body,  at  different  distan  w  1  b  nverse  y  as  the  squares  of 
those  distances. 

The  experiment  must,  of  course,  he  conducted  in  a  dark  room. 
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DISTEIBUTION    OF    LianT. 

Light  is  distributed  or  diffused  abroad  bj  several  modes  • 


69.  The  passage  of  light  is  progressive,  time  being  required  foi 
its  motion  from  one  place  to  another.  It  cornea  to  the  earth  from 
tha  stia  iu  about  8j  mioutes, — a  diafanoe  of  95,000,000  miles, — 
which  shows  its  rate  of  progress  to  be  about  195,000  miles  a 
second.  Owing  to  this  prodigious  velocity,  the  light  caused  by 
the  firing  of  a  cannon  or  a  sky-rocket  is  seen  by  different  specta- 
tors at  the  same  instant,  whatever  may  be  their  respective  dis- 
tances from  the  rocket,  the  time  required  for  light  to  travel  ]00 
or  1000  miles  being  inappreciable  to  our  senses. 

?0.  Reflection  of  Light.— Light  is  reflected  in  the  same  man- 
ner as  heat  (31),  obeying  precisely  the  same  laws.  This  always 
takes  place  when  it  passes  from  one  medium  into  another  of  dif- 
ferent nature  or  density,  whether  the  media  be  solid,  liquid,  or 
gaseous.  Different  media,  however,  differ  much  in  their  power 
of  reflection. 

Blight  metallic  surfaces,  as  polished  silver  or  clean  mercury, 

QoHSTroKB.^68.  How  is  light  dlstributedt  Does  light  emanate  from 
every  point  of  »n  object?  What  is  said  of  the  course  of  a  ray  when  not 
intoiTupted  ?  89.  la  the  passage  of  light  from  point  to  point  inatanta- 
1B0US?     What  is  ilB  velocity!     70.  Whenia  liglit  aoicl  to  be  rc«i!cteii? 


Ho.led  by  Google 


6t)  DISTRIBUIION    or    LIGHT. 

reflc't  Doarly  all  the  raya  wbiph  fall  upon  tliem;  while  thosa 
wliiph  ire  dull  lud  rough  rcfltet  but  a  few.  The  refleotion  of 
light,  like  that  of  heat,  t  ikes  jjlaco  at  the  surface  of  bodies,  and 
•11  rear"  to  be  influenced  iither  by  the  condition  of  the  surface 
thm  by  the  mterual  nature  or  sfiuctuie  of  the  refleeticg  body. 

„  Lot  A  B  be  the  refiectiug  surface, 

E  C  the  ray  incident  at  C,  and  C  D  (he 
reflected  ray,  and  let  PC  be  perpen 
■t.  X  }  / }'  dicular  to  A  B.  E  C  P  will  then  be 
^-oJ/^^--'''  -,  tbe  angle  of  incidence,  and  PCD  the 
angle  of  reflection,  both  of  which  will 
be  equal.  It  is  not  necessary  that  the 
reflecting  surface  should  be  a  plane,  as 
might  be  supposed ; — it  may  be  either  concave,  as  a  h,  or  convex, 
as  A'  B',  and  the  same  results  would  follow. 

Light  lias  precisely  the  same  characters  after  being  reflected  aa 
beforo,  but  is  loss  intense,  because  of  the  absorption  of  a  part  of 
the  rays. 

71.  Refiraction  of  Light, — When  a  ray  of  light  passes  through 
the  same  medium,  as  glass  or  water,  or  when  it  passes  perpen- 
dicularly from  one  transparent  medium  to  another,  it  moves  in 
porfecfly  straight  lines;  but  when  it  passes  obliquely  from  one 
medium  to  another  of  different  density,  it  is  thrown  more  or  less 
out  of  itfi  first  direction,  and  is  said  to  be  refracted. 

Thus,  a  ray  of  light,  E,  passing  through 
he  air,  when  it  comes  in  contact  with  a 
I  piece  of  polished  glass  at  A,  does  not  move 
straight  line  to  R',  but  is  bent 
downward  or  refracted,  and  emerges  from 
le  glass  at  E,  where  it  is  again  refracted 
1  the  opposite  direction,  and  takes  the 
same  course,  though  not  precisely  the  same  path,  as  it  had 
at  first. 

Refraction  always  takes  place  when  a  ray  of  light  passes  obliquely 
from  one  medium  to  another  of  difi'erent  density,  but  not  always  to 
the  same  amount;  this  will  depend  upon  the  refracting p<mer  of 

icideace  and  rcSecticn,     71,  Wlien 


rfLIgM. 
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C7 


1  the  iigare  be  the  surface 


the  two  media,  and  also  upon  the  obliquity  of  tho  raj  to  the  Eur 
fices  of  the  media  in  contact. 

When  the  raj  passes  from  a  rare  to  a  dense  medium,  it  is  alwayi 
refracted  or  bent  towards  a  line  perpendicular  to  the  surface  at  thi 
point  of  contact,  and /ram  thjs  lino  when  it  passes  in  the  oppositi 
direction,  from  a  dense  to  a  rare  medium 

To  uaderstaod  the  relatiye  positions  of  the  incident  and  th 
refracted  raj,  in  the  case  of  any  two  medii,  the  following  L 
necda  to  be  well  studied.  Let  \.  B 
of  some  transparent  medium  moio 
dense  than  air,  as  water,  and  let 
I C  he  a  ray  of  light  incident  upon 
it  at  C ;  it  will  not  pass  on  in  a 
straight  line,  but  on  entering  the  - 
water  will  be  bent  downward,  to 
E;  10  is  then  called  the  incident 
raj,  and  C  E  the  refracted  raj. 
Let  P  K  be  a  line  perpendicular  j^'  -'^ 

to  the  surface  at  C,  then  angle  indpiufEetiacU 

10  P  will  be  the  angle  of  incidence,  and  ECP'  the 
re/i'action. 

If  now  from  C  as  a  centre  we  draw  the  circle  APBF,  and 
also  the  lines  I<t  and  Ec  both  at  right  angles  to  PP',  then  will 
I  a  be  the  sine  of  the  angle  of  incidence  and  B  c  the  sine  of  the 
angle  of  refraction.  And  for  the  same  two  media  these  lines  will 
always  have  the  same  ratio  to  each  other,  whatever  maj  be  the 
angle  of  iucideaco.  Thus,  if  a  second  ray,  iG  be  incident  at  C, 
it  will  emerge  at  e ;  and  the  sines  of  the  angles  of  incidence  and 
refraction,  that  is,  the  lines  i  h  and  e  d  will  have  to  each  other 
the  same  ratio  as  the  lines  la  and  Ec;  and  the  same  will  be 
true  for  the  same  media,  whatever  may  be  the  angle  of  the  inci- 
dent raj. 

The  quotient  obtained  by  dividing  the  sine  of  the  angle  of  inci- 
dence by  that  of  the  angle  of  refraction  is  called  the  index  of 
refraction  for  tho  media  used ;  for  the  same  media  it  13  always 

QoBaiiONS. — What  is  the  course  of  the  ray  in  passing  from  a  t-ara  to  a 
dense  medium  t  When  from  a  den  be  to  a  rare  medmio!  Describe  the 
singles  nS  hmideitCB  and  oi  Tefraclion.     Deaoribo  the  index  of  nfraslion. 


of 
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the  samo,  tut  varies  with  diiFerent  media.  Usually  the  air  ia 
taken  83  one  of  the  media,  bo  that  the  index  of  refraction  for  any 
aubntanee  is  the  ([uolieiit  thus  obtained  in  the  ease  of  a  ray  of 
light  in  passing  from  air  into  tbat  substance.  The  index  of 
rcfractioa  for  water  is  thus  found  to  be  1-33,  for  coraTiion  flint 
glass  1'56,  for  oil  of  cassia  1'64,  for  phoBphorus  2'22,  and  for  the 
diamond  2-43. 

(Jtw  tlie  Polarization  of  Light,  sec  llie  autJioi-'s  "  Milwal 
Phihsoph^."^ 


DECOM  POSIT 


OP    1,1  GUT. 


73.  The  Solar  Spectnim, — The  white  light  of  the  sun  is  not  a 
homogeneous  substance,  but  is  eapable  of  being  separated  into 
several  rays  of  entirely  different  colors.  This  was  first  effected 
by  Newton,  by  passing  it  throngh  a  ttiaagular  piece  of  clear,  solid 
glass,  enlled  a  prism. 

In  the  figure  foUowiag,  lot  S  be  a  ray  of  light  from  the  sun, 
admitted    into    a    darkened 
rough    the    window- 
BE;    it   mil!   pass 
i  to  the  floor,  at  a 


little  distauee  from  the  wall, 
producing  a  circular  spot  of 
clear  while  light,  W.  Then 
let  the  prism  A  B  C  be  held 
'''  in  the  ray,  and  at  once  the 

■^  t      f  u  M  ^T"^'  ^^  ^^'  '^^^  disappear,  and, 

in  its  stead,  an  clougatcd  and 
beautifully  csloied  imaE;e  of  the  sun  will  be  seen  upon  a  screen 
hung  up  in  fiont  of  the  window,  or  on  the  wall  at  the  opposite 
side  of  the  room,  if  no  screen  be  used  The  several  colors  will 
ij-peir  in  the  ordtr  mdieite  1,  the  TiolU  bung  uppermost  and  the 
rtdhwest 

QtrusnoNS.— IVliat  is  the  indes  of  refraolion  for  WAtorf  Fliiit-glftss  J 
Dinmond  J  72.  How  may  light  be  decomposed  3  llosonbe  the  exuen. 
-ncnt  with  the  priBm. 
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It  Will  be  seen  that  tlie  light,  m  passing  the  pii&m,  J  is  been 
tnii-H  leliaoted,  or  bent  upwird,  firot  as  it  etiteied  the  gliss,  and 
agiin  as  it  issued  fiom  it,  and  thit  the  sepaiation  of  the  seieral 
colors  has  been  in  consequeDce  of  their  different  refrangibihtiea 
Ihe  Tiolet  being  mo-'t  refrangible,  is  found  uppermost  la  the 
piotuie,  and  the  red  is  lowest,  because  least  refiingible  The 
other  colors  occupy  intermediate  positions,  depending  upon  their 
respectiYe  refrongibilitie? 

Ihe  colored  image  thus  produced  is  called  the  tolai  sp  IruTn  , 
and,  aoeoidiog  to  Newton,  it  is  composed  of  the  seven  colors 
nimel  in  the  figure,  which  are  therefore  anWei pi tmari/  colors 

73  More  recent  investigations  by  Brewstei  render  it  probable 
that  (here  aie  in  the  spei-truni  reilly  only  thiee  calov^,  i  n?,  ^fSov, 
and  blue,  and  that  the  other  shades  are  produced  by  mistures  of 
these  in  different  piopoilioos,  a  misture  of  the  blue  and  th<,  yel- 
low for  instance,  producing  the  green,  ind  a  hke  mistuie  of  the 
Ti,d  and  ytUow  pridaoing  the  orange  Indeed  it  h  bdicvcd  that 
eich  of  these  thrte  coloia  estenJs  oior  the  whole  apeelrum,  hut 
eich  is  much  more  mlensi,  at  one  pirt  of  the  spectium  than  else- 


wheie  the  blue  being  most  intense 
the  bottom,  with  the  most  intense  porti 
them      The  soki  spectrum,  theieforo,  a: 
maj  be  consideied  as  csmposed  of  three  f 
imposed  upon  eich  other 

The  distribution  of  tlie  rays  in  each  of 
these  simple  spectra  n  represented  by  the 
shading  of  the  annexed  figures,  m  which  B 
rcpie=ents  the  blue,  T  the  yellow,  and  E 
the  red,  each  coloi  being  oopposed  to  be 
sepirated  from  th''  other'^  If  the  three 
Hpecti  I  be  thrown  one  upon  another  on  the 
vjme  scieen,  the  cr  Imarj  solai  sptctium 
will  be  produced 

74  Heating  and  CJienncal  Rays  —It  h- 
that  li^ht  IS   c-ipable  of  pi  idu.ing   seven 


.d  the  red  near 
1  of  the  yellow  between 
pioducei  bj  the  prism, 
e  simple  spectra  su^tr 


hat  itre  Newton's  primary  colon  ?  Wli  j  are  these  aopa- 
mted  Tij  the  pnani  f  73.  What  colors  only  are  contained  in  the  speoti'uin, 
ai-oording  toBrawster?  How  are  the  otharcolors  produced!  74.  In  what 
jiiii't  of  tlie  tpcolrum  ttL-e  the  greatest  heating  effecta  produoud ! 
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effecta,  as  those  of  color,  those  of  heat,  and  hesides  these,  others 
which  may  strictly  be  called  chemical  effects.  Now,  these  several 
effects  are  not  produced  in  every  part  of  the  spectrum  with  equal 
facility;  the  greatest  illuminatiDg  power  is  found  to  be  in  the  yel- 
low, while  the  greatest  heat  is  in  the  red,  or  a  little  helow  it,  and 
the  greatest  chemical  effects  are  produced  in  the  extreme  violet. 

The  dieinical  effects  of  light  are  various  and  important ;  a  mix- 
ture of  chlorine  and  hydrogen  gases  may  be  kept  together  in  the 
dark  for  any  iength  of  time,  without  combining,  but  unite  with 
an  explosion  when  placed  in  the  direct  aunliglit.  On  the  other 
hand,  many  compound  substances  are  decomposed  by  light,  ns 
certain  preparations  of  gold  and  silver.  If  a  piece  of  white  paper 
be  coated  over  with  a  thin  film  of  white  chloride  of  silver,  care- 
fully prepared  in  the  dark,  and  then  placed  in  the  solar  spectrum, 
the  part  in  the  violet  ray  will  soon  become  black,  while  that  in  the 
red  will'scarcely  be  affected.  Between  these  extremes  there  will 
be  produced  various  shades  of  gray  and  purple. 

It  appears,  therefore,  that  the  sun's  light  is  made  up  of  three 
kinds  of  rays,  viz.,  the  colorijic  ra^s,  or  rays  of  light  proper,  the 
heating  raj/s,  and  the  chemical  rays,  the  last  of  which  are  most, 
and  the  heating  rays  least,  refrangible. 

The  light  of  the  snn  produces  most  important  effects  in  the  vegetable 
world;  many  plants  will  not  grow  in  the  dark,  and  others  growing  in  the 
shaije  have  their  nature  entirely  changed.  Cut  a  discussion  of  these 
topics  does  not  lielo 

75.  PhotogTaphy-— B  m    w    d 

modes  of  produoi  g  p  g  p   ce 

of  white  paper  is  m  d  d  m       al 

and  then  one  side  w    h  d  w 

the  surface  beeom  d  w  d  why 

turns  black  or  dark  chestnut  by  exposure  to  the  direct  rays  of  the 
sun.  If,  now,  before  exposing  paper  thus  prepared  to  the  light, 
any  small  flat  object,  as  a  flower,  or  piece  of  lace,  be  placed  upon  it, 
an  image  of  the  object  will  remain  upon  the  paper,  and  may  ba 

QuEsiioNS. — In  what  part  of  the  apeotrum  are  the  greatest  chemical 
effects  produced?  Does  the  light  of  the  sun  produce  any  important 
effects  upon  vegctnhle  bodies  ?  75.  V^bnHs  phoioijro^hy  ?  What  method 
is  mentioned  for  prepaiing  a  photographic  paper ? 
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rendered  permanent  bj  soaking  it  iinmediatcli/  in  a  B!iturated 
BOlution  of  cominoii  salt,  or  of  iodide  of  potassium. 

The  unaltered  ehloride  of  siher  in  the  paper  is  by  this  soaking 
dissolved  out,  while  the  part  that  has  become  colored  resists  the 
tifbl  dhf  m  hpp 

T   h        C  J     I     P  ntel  by       g      1  m  ! 

cm  ddasUw       Ah        f  ppf 

fi      te  b  u&h  1  J        h         1  f    0 

f       n       f     I  f  w  d    li 

dk  dbqulykd  h 

1       n    f     d  J     f  1      %  1 

fh       ddtop  dlldw  I        h  1 

ak  d  mm  te         d    h        ^hly  d      1        \ 


\  Iddby^fo-  t      I         ppdfh 

oocas  f  II  m  D      1      100  g  to 

f     1  2  f  d     11  d  w  te        d    dd  J     1 

!m  g  ddhniwii  11 

f  d      1  f  g  11  d  Id  d      11  d  w  Th 

I       pp  hldbmd        Ij         mill  yf 

pi  1    I    b     k    p  Th     I       w    h 

Ildbmd  bdk        whiy  bl  lib 

and  the  paper  dried  eaiefuHj,  esoluding  the  light  of  day,  to  the 
act  on  of  whioh  it  is  esoeadingly  seusitive. 

Papei  prepared  in  this  way  may  be  used  in  tbe  manner  first 
described,  or  ia  the  camera  obscura,  for  the  taking  of  portraits. 
If  the  picture  at  first  ia  not  sufEeiently  distinct,  it  may  be  impi-oved 
by  washing  it  again  in  the  gallo-nitrate  of  siher.  Finally,  it  ia 
to  be  rendered  permanent  by  washing  it  with  solution  of  bromide 
of  potassium,  or  of  common  salt. 

The  picture  thus  formed  is  what  is  called  a  netjaHve  picture — 
tbat  is,  the  light  and  shade  are  reversed,  as  compared  with  an 
ordinary  engraving;  but  a  positive  one  may  be  formed  from  tho 
first  by  using  it  as  an  object  for  forming  a  second  picture  upon 
another  sheet  of  the  same  prepared  paper.     For  this  purpose  it  is 

Wliiit  are  m^^Uve 
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placed  with  its  fuce  downward  upon  tie  prepared  pnpcr,  and  then 
exposed  fo  tho  direct  raya  of  the  snn,  as  directed  above  0^)-  ^'^'^ 
new  picture  is  to  he  rendered  permanent  in  the  same  manner  as 
before. 

HuinerouB  other  prepavjtions  are  in  nse  for  producing  pictures  upon 
paper,  but  none  of  them  equal  in  senaitiveneas  tie  one  just  deHoribed. 
Though  the  materiala  to  be  usecl  are  different,  as  well  as  the  proeessea, 
yet  the  eseenlial  principles  ara  the  same  in  all.  The  light  produoes  a 
chemical  change  in  the  parts  of  the  piotove  esposed  to  its  influence,  acd 
the  picture  is  ^xed  by  soaking  the  paper  in  a  solution  capable  of  dis- 
scWing  out  the  sensitiTe  substance  contained  in  the  parts  which  have  not 
utidergoue  this  change,  in  Gonsequence  of  being  in  the  shade. 

Paper  prepared  for  the  taking  of  piotures  is  called  photopenic  paper, 
and  generally  cannot  be  long  kept,  ev  o  'q  th    d    k 

76.  The  Daguen-miyjie  proeess  a  alJ  d  f  in  1  came  f  h 
inventor,  is  applied  only  to  plates  of  s  I  e  wh  h  e  u  lly 
spread  upon  plates  of  copper.     Th       1        an  faw       fi  y 

thoroughly  cleaned  by  washing  w  h  d  lute  n  no  a  d  d  I 
bing  with  leather  or  cotton  and  some  p  1  h  n  ubstao  a  y 
fine  ooloothar.  It  is  then  to  be  subjected  for  a  few  minut.;.  to  ii, 
action  of  lapor  of  lodme  by  placing  it  in  a  bos  which  has  some 
crystals  of  iodine  spread  upon  the  bottom ,  by  this  meana  an 
exceedingly  thia  coating  of  iodide  of  slver  la  foimed  upon  tho 
suiface  of  a  straw  yellow  color  which  is  \eiy  senaitiie  to  the 
action  of  1  oht  It  i  then  placed  in  a  camera  obscun  ind  tie 
imn^t  of  any  olject  in  fiont  la  made  to  fall  upon  it  for  a  few 
moments  by  which  such  a  chemical  change  is  piodnced  in  the 
thin  coating  of  iodide  of  silver,  that  "ubseciueiit  exposure  to  the 
vapor  of  mercury  at  abcut  105°  F ,  brings  out  a  beautiful  pictuie 
of  the  object  By  close  inspection,  it  will  be  found  that  in  the 
parts  of  tliL  [icluie  where  the  most  light  has  fallen  such  a  cLan^o 
has  been  picductd  that  the  mercury  ii  oapalle  of  acting  upon  it 
but  in  other  pait^a  the  bright  surfice  of  the  s  her  remains  uu 
affctel  in d  further  the  action  of  the  meicuryujon  the  sihei 
plate  will  fe  in  proportion  to  the  intensity  of  the  1  ght  upon  tho 
different  paits 

Instead  of  pure  iodine,  the  bromide  or  chloride  of  iodine  may 
be  used  for  preparing  the  plates ;  but  the  last  compound  is  said  to 
be,  on  the  whole,  much  the  best. 
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TLe  picture,  when  taTjen  from  the  merourinl  process,  is  reDikred 
permaDent  by  removing  the  co.iting  of  iodide  of  silver,  ivliich  is 
readily  done  by  merely  pouring  over  it  a  warm  solution  of  hypo- 
sulphite of  soda  or  of  common  salt. 

It  ia  further  improved,  and  the  shades  rendered  deeper,  by 
heating  upon  it  a  solution  of  chloride  of  gold  and  hyposulphite 
of  soda. 

The  Daguerreotype  process  ia  vevy  simple,  hut  to  insure  auc- 
oe.'B,  close  attention  must  be  paid  to  various  minute  particulars, 
wbich  cannot  here  be  discussed, 

77,  Thermography  is  a  aame  wliicli  has  bean  giyen  to  oevtaln  lB0i5es, 
depeadent,  it  is  believed,  upon  heat,  by  which  one  body  is  made  to  depict 
itself  more  or  less  miautely  upoa  another,  either  in  contact  with  it  or  in 
ita  Yioinitj.  Tliua,  if  we  write  with  some  soft  sahstonce  upon  gloss,  and 
then  breathe  upon  it,  the  writing  becomes  Tisihle.  So  if  we  allow  a  piece 
of  coin  to  lie  for  a  time  on  a  plate  of  metal  or  glass,  and  then  breaths 
upon  it,  ao  image  of  the  coin  will  be  produceil.  If  while  the  piece  of  ooiu 
lies  upon  the  metallio  plate  it  is  gecdy  heated  by  a  epint-lamp,  and  when 
cold  asposed  to  the  rapor  of  mercury,  a  very  distinct  imi^e  of  Iho  coin 
will  be  formed.  In  some  cases,  we  are  told,  this  effect  will  bo  produced 
when  flic  coin  lias  not  touched  tlie  plote,  but  only  remained  for  a  time 

78.  Double  Eefraction  of  light  takes  place  when  a  ray  is  passed 
through  certain  transparent  crystals,  and  so 
stances,  so  that  objects  seen  through  them  ia  particular 
appear  double ;  and  the  rays  emerging  from  them  are  found  to 
have  undergone  a  further  change,  by  which  they  have  acquired 
peculiar  properties  on  different  sides,  and  are  said  to  "he  polarized. 
Light  is  alao  polarized  by  other  means,  as  by  reflection,  at  particular 
angles  from  moat  non-metalllo  substances,  and  by  refraction.  For" 
a  very  full  discussion  of  the  subject,  see  Natural  Philomph^f 
page  269. 

Kays  of  heat  may  be  polarized  iu  the  same  manner  and  by  the 
same  means  as  those  of  light, 

78,  When  ia  light  said  to  be 
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III.    ELECTEICITY. 


79.  Nature  of  Electricity. — As  in  the  cases  of  heat  and  light, 
we  know  nothing  of  the  real  nature  of  eleotricitj,  a]l  our  know- 
ledge on  the  euhject  being  limited  to  its  effects. 

Like  heat  and  light,  it  is  impoBderable ;  no  accumulation  of  it 
in  any  substance  adds  to  the  weight  of  that  substance,  even  when 
tried  by  the  most  delicate  balances;  but  many  of  its  effects  arc  eo 
like  those  of  a  mechanical  agent,  that  it  is  usually  considered  a 
separate  material  substance. 

WLea  certain  substances,  such  as  amber,  glass,  sealing-wai, 
and  sulphur,  are  rubbed  with  dry  silk  or  cloth,  they  are  found  to 
have  acquired  a  property,  not  observable  in  their  ordinary  state, 
of  causing  contiguous  light  bodies  to  move  towards  them ;  or,  if 
the  substances  so  rubbed  be  light  and  freely  suspended,  they  will 
move  towards  contiguous  bodies.  After  a  while  this  curious  phe- 
nomenon ceases ;  but  it  may  be  renewed  an  indefinite  number  of 
times  by  friction.  This  property  was  first  noticed  in  amber;  and 
therefore  the  principle  thus  developed  was  called  electricity/  (from 
the  G-5'eek,  electron,  amber). 

When  a  substance,  by  friction  or  other  means,  has  acquired  the 
property  just  stated,  it  is  said  to  be  electrified,  or  to  be  electrically 
excited ;  and  its  motion  towards  other  bodies,  or  of  other  bodies 
towards  it,  is  ascribed  to  a  force  called  electric  attraction.  But  its 
influence,  on  examination,  will  be  found  to  be  not  merely  attractive ; 
on  the  contrary,  light  substances,  afier  touching  the  eleotriSed  body, 
will  bo  disposed  to  recede  from  it  just  as  actively  as  they  approached 
it  before  contact.     This  is  termed  eleotria  repulsion. 

80.  Theories  of  Electricity. — In  the  absence  of  positive  know- 
li>iige  in  rcg.ird  to  the  nature  of  this  agent,  two  theories  have  been 
. ,  ^jsed,  to  account  for  and  connect  together  the  esiablisbcd  iacta. 

.^..^..jiuNS, — 79.  Do  we  nnierstand  the  real  nature  of  eleotricitj?  Is 
It  imponderable  Y  What  is  the  darivation  of  the  term  eUciricityf  When 
ia  a  BubsUiQCH  said  lo  bo  e-xdiid  or  ehdrified? 
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I>ii/'ii/'s  Oieory  (from  the  name  of  ita  proposer)  supposes  tliat 
every  substance,  in  its  natural  state,  contains  in  itself  two  highly 
subtile  and  elastic  fluids,  in  such  &  state  of  combina.tion  that  theic 
presence  is  entirely  disguised ;  but  that  the  various  phenomena 
of  electrical  esoitement  are  produced  by  one  or  the  other  of  them, 
Bccumukted  in  a  body  in  escess.  The  piirtioles  of  each  fluid  are 
supposed  to  have  a  strong  attraction  for  those  of  the  apposite  kind, 
and  for  other  matter,  but  are  highly  repulsive  of  each  other. 

These  fluids  are  supposed  to  be  separated  by  the  various  modes 
of  producing  electrical  escitenienf,  to  be  hereafter  described;  and 
one  of  them  being  collected  in  excess  iu  a  body,  as  just  stated, 
produces  ihe  pbenonieni  wilnpiised 

la  most  cases,  when  glass  or  any  other  Mtreous  'substance  la 
rubbed,  the  electricity  wLjcb  is  collected  Js  the  reveise  of  Ihit 
obtained  when  sealing  wax  is  subjected  to  friction ,  and  hence  the 
former  is  called  vilr  a«',  and  the  latter  resinow  eleotiioity 

FranMm's  tlteory  of  electricity  supposes  that  ail  bodies,  in  then 
natural  state,  contain  in  tbeir  subetance  a  certain  quantity,  called 
their  natural  share,  of  a  single,  subtile,  elastic  fluid,  which  pro 
duces  no  sensible  effects,  but  that  the  phenomena  of  eloetricil 
excitement  are  produced  when  the  body  is  made  to  contain  either 
lessor  more  than  its  natuiil  shaie  It  supposes  that  the  partn-Ies 
of  this  fluid  repel  euh  other  strongly,  but  ire  attncted  by  all 
other  matter.  When  a  bcdy  con'ams  more  than  its  natural  share, 
it  is  said  to  be  posthiel^  electrified,  and  ncqafiiclr/  electrified, 
■wheu  it  contains  less 

Glass  and  other  vitreons  substance*,  when  rubbel  are  supposed 
to  take  more  than  their  natuial  share  of  the  fluid  oi  become 
positive;  while  resinous  substances,  in  the  same  cncumstantes, 
lose  a  jortion  of  then  natural  electricity,  oi  become  ntgatae 
These  states  are  often  indicated  by  the  algebraic  signs  ^    and  — 

The  terms  vili-eoux  and  positive,  of  the  two  theotiea,  ne  there- 
synonymous,  as  are  also  the  terms  ifunous  and  nejafue 

Either  of  these  theories  is  found  t>  answer  well  m  explaining 
roost  of  the  plienomtca  ot  eleetiiLity,  but  that  of  Duf  ;  is  gene 

QuTJSTioKS.  —  80.  Desorilie  Dafaj'a  tlicory  of  electricity.  Desui-lbo 
F-  Jiklin'a  theory.  What  tevraa  were  proposed  bj  liini?  What  tcrai!i  of 
tl     two  theories  ai'e  sjnonymous  ' 
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rallv  preferred ;  tliough  tlie  terms  positive  and  neg[itive,  of  Frank- 

im  ^  thc3!y,  ire  almuit  UDivtr'sally  used 

rmm  the  .ibove  it  will  leadily  be  seen,  that  wten  two  bodiea 

jn,  either  positively  or  negatively  electrified,  they  rejel  each 

olhi,r,  but  aftract  each  other  when  one  is  positive  and  the  other 

negitiio 

81    Electiometers — Electrometers  are  instiuments  for  iiidi- 

eatmg  the  presence  of  electnoity,  or  its  intoosity    A  pith  ball,  sus- 

peudel  by  a  diy  sill''  tlireid  from  my  convenient  support,  inawers 
tho  purpose  quite  Weil,  tut  tho  fDllowing,  called  tlie 
gull  leaf  elect] oraeter,  is  a  more  sensitive  lastrmucut 
It  cpn  i=ts  of  two  slip')  of  gold  leT.f,  huapended  m  a 
c^lmdiicjl  glass  ves=tl,  from  a  metallic  phte  at  the 
top  If  the  bottom  iB  also  made  of  metai,  ite  sensi- 
tiveness will  ho  icoreised  When  an  excited  body  is 
brought  neai  the  metalho  plate,  the  lei^es  at  onoe 
diverge,  in  consequence  of  their  being  bionghii  into 
the  same  state,  whether  positive  or  negative,  by  the 
"* "'""'"'""    inductile  infiuence  of  the  excited  body,  m  a  manner 

to  be  hcic  ifter  e^pliinc3 
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83    Conduction  of  Electricity  —  S  m       b  11  w  the 

eleolnc  fluids  tD  ja=s  over  thcra  frc  d  h      f  lied 

ennduLtors ,    while  others,  thit  do  n      p  ^     F    P  *"" 

only  impeifcctlv  ire  cilled  nun  cond  If    1  y  be  im- 

parted to  one  end  of  a  conduct  jr,  su  h  PP     "         ^       ^^"^ 

extremity  of  which  toucbcs  the  ground,  or  is  h  Id  by  a  person 
standing  on  the  giound  the  electricity  will  piss  along  its  whole 
leafjth  and  escape  in  an  instant,  thougb  the  wire  were  several 
milea  long,  wherein  esciled  glass  anl  resin,  nhicb  are  non-eon- 
duotois,  may  be  fieely  handled  without  losing  any  eloctricity 
esci'].t  at  tht  paits  actually  touched 

QuEsnohs  — Which  of  these  tieo  laa  la  now  geneinUy  preferred? 
When  do  bodies  attiaet  an  I  -when  repel  each  other'  81.  Whnt  ni'e 
'UclTomel  rs^  DesTiho  the  gold  leif  eleotroineter  82  'Hliat  is  said  of 
'he  conduction  of  cleotricitj  ?    Hhat  are  condadort  ani  non-conductort  ? 
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lo  the  (h  9  of  cnEduotcri  bding  the  mp  As  cliii  oj],  plun 
I  g',  water,  anl  aqueous  solut  odi  and  subtiuci-s  gcnenJly 
winch  are  moi'^t,  or  eontjin  w  iter  in  its  liquid  fctate,  auch  as 
unimala  and  plints,  and  the  sutface  of  the  c'lrth  These,  how 
crer,  differ  in  then  conducting  power  Ot  tlie  metale,  nilfct  and 
coppat  are  found  to  be  the  best  oouduetors,  ind  afi(,r  these  follow 
g  Id  pi  I    d  m  d   b  h 

Ai  1  f       d        d      1  d  II  h 


h     1 


b  1 


gl 


lU 


1     P 
J        1    1 


83  lasiOat      —^1  d 

d        g     l&tft  d       1 

yb  dpf  b  h  11  b 

g    d    llydff     d      d  1     ppe         Tl  <x  A        p       by 

1  dgp  fh  whl  dbl  p 

h  IS  lyldp         hmyl  Ip 

111        ca  11  Ip        mdb  fhjddffus        f 

hfld)         hh  dhdp  fm  ph 

surfaces  ot  insulatars. 

When  two  substances  are  rubbed  together,  both  electricities  are 
always  developed,  one  of  them  going  to  one  of  the  substances,  and 
the  other  to  the  other  substance ;  and  botti  electricities  maybe 
retained,  if  the  two  substances  rubbed  together  are  iosuUted. 

Qdestioss. — What  sutstances  ars  olasafld  ifith  eomJuctors,  and  what 
wltli  noQ-oonduoWra  ?  Cjic  any  definite  line  te  dvawn  bfltwcan  the  con- 
ductors and  non-conduotora  !  83.  Wlion  is  a  body  Bjud  lo  be  insuliLted  ? 
Wlij  do  eleetriottl  experiments  often  fail  in  damp  weather?  Avb  both 
eleoti'lcities  always  developed  Ijj  fiictlon  ? 
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84  Induction  of  Electricity — An  electiified  body  alwijs 
esoits  a  peoaliar  influence  oa  tbp  natuul  eieotni-ity  of  other 
bodip^  m  its  Yitimty,  called  mductton,  the  natuie  of  whicli  will 
be  &i,eD  film  the  followmg  eaplanation  Let  A  be  a  posilively 
excited  glass  tube,  held  near  one  end 
of  an  insulated  conductor,  B,  supposed 
to  be  in  its  nitural  itate,  the  natural 
electricity  in  B  will  instantly  be  dis 
turbed,  anJj  on  exammation,  it  will  be 
found  that  the  end  nest  the  exciled 
gla'JS  IS  negatively  elei,ti  iEi,d,  and  ihe 
other  end  positively,  as  shown  bj  the 
algebraic  signs  If,  instead  of  the  glaaa 
tube,  some  other  substance,  negatively 
(  D  ot  i:ic  I  c  ti  clectniied,    had  been   used,   the  eleo- 

3  of  the  two  ends  of  the  conductor  B  would  ha\e  bei.n 
In  evi.ry  case,  the  part  of  the  conductor  nest  to  the 
oseited  body  will  be  in  the  opposite  sfite  of  eseitement,  while  the 
othei  end  will  be  in  the  same  state  as  the  exufcd  bod^ 

In  the  esperiment  nothing  but  air  la  supposed  to  be  between  the 
escited  body  A,  and  the  conductor  B,  but  the  inductive  influence 
is  exerted  through  all  no n -conductors.  Thus,  if  a  clean  and  dry 
pane  of  glass  be  held  between  A  and  B,  the  result  will  be  the  same. 
Let  Aand  B,  in  (be  nest  figure,  be  two 
metallic  discs,  supported  upon  pillars  of 
glass,  their  edges  being  towards  the  eye, 
and  let  a  spark  of  positive  electricity  be 
communicated  to  one  of  them,  as  Aj — it 
will  immediately  act  by  induction  upon 
the  nxtural  electricity  of  B,  causing  the 
side  next  to  A  to  be  negative  and  the 
other  to  be  positive.  The  cfTect  is  pre- 
ci-'Cly  the  same  as  in  the  preceding 
ftS  experiment,  but  the  form  of  the  con- 
umotEiectrcity  duotois  different.     If  now  we  touch  the 

o^fi— 84    Whit  la  meiiit  by  Muctionf    Eiplflin  the  esperi- 
.Libed  in  tbis  parncraph      Explain  the  experimeBt  desoribed  in 
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lack  of  B  with  the  firger,  the  positive  fluid  eaoapea,  and  the  whole 
diao  beooincs  negative.  The  actioQ  of  the  positive  body.  A,  has 
taken  place  through  the  stratum  of  icterTeniogaiv;  and  any  other 
Eoa-oonductor  may  be  substituted  for  it.  If,  for  instance,  a  plate 
of  glass  be  interposed,  the  two  plates  may  then  be  brought  much 
nearer  together,  and  the  same  results  will  follow.  Instead  of 
the  metallin  discs,  we  may  simply  apply  a  metallic  coating  to 
the  two  sides  of  a  pane  of  glass  j  wliiob,  if  the  coating  do  not 
roaoh  within  one  or  two  inches  of  the  edge,  serves  as  a  eufSoient 

85  The  le/den  Jai  — TI  e  Leyden  j!tr  reo  ves  ?  □  n  e  f  o  u 
the  e  y  of  L  len  n  n  land  whe  e  t  was  n  en  el  It  a 
easen  ally  the  sa  ne  th  ng  as  just  desc  bed  except  tt  at  a  gla  s 
jar  a  Bubst  t  ed  n  the  place  of  the  pane  It  eons  s  s  of  a  glass 
J  r  coated  both  as  de  and  oats  de  w  th  n  fo  I 
es«pt  a  }irt  o  nl  the  lop  as  shown  n  tl  e 
fi^u  e  Thro  {,h  a  v  n  shed  woo  len  cover  A 
a  e  hav  ng  a  knob  at  top  s  pa  aed  ind  a 
chun  B  extends  to  the  ns  de  coa  ng  >ow 
when  ei  her  p  a  t  ve  or  egat  e  e  c  c  y 
CO  nn  un  cat  d  to  the  Ln  h  at  he  t  p  am 
n  cd  itely  d  ffuaed  over  the  who  e  na  de  coat  s 
acd  by  its  inductive  influence,  the  outside  coat- 
ing takes  on  the  opposite  kind.  When  in  this 
state, — the  two  coatings  being  oppositely  elec- 
trified,— the  jar  ia  said  to  be  ckargad^  and  a  discharge  (akea 
place  when  a  oommnnication  is  established  between  the  knob  and 
the  outside  coating,  the  equilibrium  being  restored  with  a  bright 
flash  of  light  and  a  abarp  report.  As  the  human  system  is  a  good 
conduclor,  thia  discharge  may  take  place  through  it,  by  grasping 
the  outside  coating  with  one  hand,  and  touching  the  knob  at  the 
top  with  the  other;  or  several  persons  may  form  a  line  by  grasp- 
ing hands,  the  one  at  one  extreme  touching  the  outside  coating, 
wliile  the  one  at  the  other  estreme  touches  the  knob.  All  will  feel 
the  shock,  as  it  is  called,  at  the  same  instant. 

While  the  jar  is  receiving  the  charge,  it  must  not  be  insulated, 
that  is,  the  outside  must  commnnicate  with  the  earth.     As  the 
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positive  fluid  collects  on  the  ingicic,  the  outside  becomes  nogativs 
by  tlie  expulsion  of  the  positive  fluid  naturnlly  ia  it,  and  the 
accumulation  of  the  negative  fluid  in  its  stead,  drawn  from  the 
earth.  But  if  the  outside  is  insulated  these  transfers  to  and  from 
it  cannot  take  place,  and  therefore  the  jar  cannot  become  charged. 
86.  Tree  Electricity  resides  in  the  Surface  of  Bodies,— It  has 
been  demonstrated  that  the  electricity  of  an  excited  body  ri 
entirely  upon  its  surface.  Let  A  be  a  sphere  of  mi 
bj  a  silk  thread,  and  excited  by  receiving  a  spark  of  electricity ; 
and  let  BB  fae  two  covers  of  paper,  gilt  outside  and  inside,  and 
held  by  glass  bandies.  Let  them  now  be  applied  to  the  escited 
globe,  and  then  instantly  removed;  it  will  be  found  that  the 
electricity  has  been  entiruly  removed  from  the  ball  to  the  covers. 


The  free  el    t  e  y  the    f  ro  wa'S  ent   ely  a       u  la    J     p  n    ha 

surface  of  the  ball 
87  Distribution  over  Snrfeoe  —The  flu  d  w  1  bo  d  t  t  ed 
over  the  surface  of  an  esc  ted  con !  tor  n 
1  node  leponlent  [on  sfm  —  f  t 
leap  rteet  sphere  the  fl  d  w  11  be  la 
t  but  1  equi  ly  OT  r  e  v  part  b  t  f  t 
be  n  ore  or  1  as  el  ^a  ed  as  n  the  p  la  e 
sflcrod  the  flu  d  a  cuniulat  s  n  the  ends 
where  the  nten  ty'^getj  n  ea  1  f  the 
sphered    hajjcns    to   be     eycnl      by 


IT    SB  — Wh  e  reoe     ng  the  c1  a  ge  must  tbe  jor  be 
gS    In  nhat  port  of  un  e\c  ed  condu    or  d  es  tlie  i 
87    I    wl      manner  select  c  tj  1  ffusel  over  (he  au 
{     How  IS  it  (lifluseii  over  the  prolato  apheroidt 
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If  the  estremitj  of  tlie  conduotov  ia  carried  out  to  a  point,  the 
fluid  at  once  escapes  from  it,  and  all  escitcmont  disappears,  even 
though  it  remains  insulated.  In  the  same  manner,  a  sharp  point 
projecting  from  a  conductor  receives  the  fluid  silently  upon  it,  and 
the  body  becomes  esoited.  The  effeot  of  points  in  discharging  or 
receiving  either  of  the  fluids  is  therefore  apparent ;  and  the  ciroum- 
stance  must  always  be  pai'ticularly  regarded  in  the  construction  of 
electrical  apparatus. 

The  escape  of  positive  electiio  ty  from  a  pomt  ii 
d.irk  room  is  always  "iftenJed  by  the  appearance  ol 
faint  blue  light  in  the  fjrm  of  a  brush  as  represented 
in  A,  but  the  escape  of  the  negative  fluid  in  the  same 
circumstances,  presents  the  ajpearinte  ut  a  star    11 
shown  in  B. 

It  ia  to  be  noticed  that  m  sioh  espenmenls  the 
escape  of  either  fluid  la  to  he  con  lei  i  «  prcci  ly 
equivalent  to  the  eat  ino    ol  the  othi,r 


V 
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88.  As  we  have  seen  above,  electricity  is  believed  to  be  con- 
tained in  all  bodies,  which  are  therefore  properly  its  sources ;  but 
the  earth,  as  being  by  far  the  largest  mass  to  which  we  have 
access,  is  its  chief  source.  We  propose,  however,  under  this 
head,  to  speoi  of  the  different  modes  of  exciting  or  collecting  it, 
which  are  fi-iction.,  change  0/  temperature,  and  chemical  action. 

88.  Friction- — It  is  believed  that  electricity  is  always  developed 
when  one  substance  is  rubbe  ag  us  an  h  r,  one  of  the  fluids 
passing  to  one  of  the  substances  ud  h  oth  r  to  the  other  sub- 
itanco,  as  before  stated;  but,  n  m  a  case  neither  of  the  fluids 
is  retained,  because  the  rubbiqg  s  bstan    s  a     not  insulated.     If 

Qetestions. — What  ia  tlie  effec  an  insulated  conduolor 

is  esteuded  out  to  a  point!     Wh  d         li       ifluenEa  of  points  in 

reoeiviiig  tlie  fluid  !  88.  What  ia  the  great  source  of  eleetdoity  !  Wlwt 
aro  the  different  modea  of  osciling  eleelrioitj  ?  89.  Is  elcctriciTy  itlivuja 
developed  ivhea  one  aubstnnoe  is  rubbed  against  auotiier!  How  may 
both  be  collected  and  retujnect  ? 
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both  lie  insulated,  both  the  ptjsithc  and  ncg^fhe  fluil-  mij  ho 
retained  (HS) 

30     The   '■Wf)iial  macJiine   la  in   instrument  for  dtvelnping 
eic  tncitj  bj  fiiotion  nioie  abundintlj  than  it  can  he  done  hj 
the  wmple  wenna  heretcfore  pointed  out, 
though  most  of  the  gitat  principles  of  the 
science,  as  we  have  leen,  may  be  dtdnion- 
/  '21^    ^W    Strated  without  it      The  figure  in  ihe  nni  ^m 
^M       ^''w^'M'^      represents,  the  ejlinder  imehme  m  its  u'iuil 
form       A  IS  a  cjlmder  of  glisg,  firml\  aup 
poitid,  and  cipable  of  heing  turned  on  ita 
axis  by  a  handle,   and  K  is  a  conductor, 
supported  on  a  pilUr,  having  ihe    rubber 
attiched  to  It,  with  a  flap  of  sillc,  P,  extend- 
ing nearly  o\ar  the  ojlmder      C  h  mtde 
of  sheet-brass,  and  la  called  the  prime  1.011 
doctor,  because  it  receives   the   electricity 
from  the  cylinder  as  it  is  Inrnsd   by  means 
ot  seyenl  pointed  wires   (87),  extending  inwards  toTvaids  the 
cj  linder      It  is  supported  upon  a  pillar  of  gla^a 

Now,  when  the  cyhnder  13  turned,  elect]  loity  is  abundantly 
developed  by  the  friction  of  the  rubber  againot  itfl  surface,  and  is 
received  hj  lie  prime  conductor,  m  which  it  aooumulates.  The 
use  of  the  flap  of  silk,  S,  is  to  prevent  the  fluid  from  escaping  in 
the  air,  as  the  cylinder  is  turned. 

From  the  principles  heretofore  discussed,  the  learner  will  readily 
perceive  that  it  is  tho  positive  electricity  that  will  be  accumulated 
in  the  prime  conductor;  but  the  negative  (83)  will  also  at  the 
same  time  accuniukte  in  the  rubber,  if  it  he  insulated.  But  no 
considerable  quantity  of  electricity  can  usually  be  collected,  nnleaa 
tho  rubber  communicates  with  the  earth,  or,  which  is  the  same 
thing,  with  the  floor  of  the  room. 

An  elegant  plate  electrical  machine  is  represented  in  the  next  figure 
(p.  S3).  AB  is  a  firm  base  of  wood,  mounted  on  castors,  so  as  to  allow 
the  machine  to  be  moved  aroond  easily  upon  the  floor ;  C  C  C  the  pi'hne 
couductir,  supported  upon  pillars  ot  glass;  PP  two  circular  plates  of 

Questions. — 90.  Describe  tlie  electrical  mackim.     Destrile  the  large 
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eaoape  -f  the  fluid  before  reaclilng  the  point  from  the  prime  conduetor, 
Thia  mtihine,  when  put  in  proper  order,  doTelopea  electricity  rapidly,  and 
la  deoitlvdiy  preferable  to  the  cylinder  machine. 

When  used,  the  machioe  should  be  dry  and  warm,  and  per- 
fectly clean  aa'd  free  from  dust.  Its  action  is  also  greatly  increased 
by  spreading  the  surface  of  the  rubber,  where  it  presses  against 
the  cylinder,  with  a  soft  amalgam  of  aino,  tin,  and  mercury,  or 
with  the  yellow  sulphide  of  IJn,  called  attrum  mudmm,  the  latter, 
on  the  whole,  being  preferable. 


— Whiit  is  the  snlsstatico  spread  O' 
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To  prepare  the  amalgom,  melt  in  a  crueibla  three  parts  of  ?.itio  artii 
fine  of  Ua,  iiud,  after  removing  it  ftom  the  fire,  ndd  four  or  five  p«rtH  of 
ffircury.  Stir  the  maea  with  a  etiok  a  few  seconds,  and  pour  it  out 
upon  a  clear  marble  slab,  or  plate  of  metal,  and  allow  it  to  remain 
several  houra  before  breaking  it  up.  When  wanted  for  use,  gi'iiid  it  as 
line  as  poGEible  in  a  mortar,  and  mix  it  with  sufGeient  tallow  to  cause  it 
to  adhere  well  to  the  rubber.  If  the  aurnm  mnaivum  is  used,  it  is  to  ba 
miied  with  tallow  and  spread  upou  the  rubber  in  the  eame  manner. 

Wlieu  the  maehine  operates  properly,  if  the  knuckle  be  pre- 
seuted  near  tbe  prime  conductor,  a  vivid  spark  passes  between 
them,  and  a  slight  stinging  sensation  is  felt;  tbe  same  tbing  also 
takes  place  on  presenting  the  knuckle  to  tbe  rubber,  provided  it 
be  insulated.  In  tbe  first  case  the  effect  is  produced  by  accu- 
mulated positive  electricity;  in  the  second,  by  the  negative. 

81.  The  Electropkoms  (from  electron-  and  phero,  I  bear)  is  an 
instrument  for  readily  obtaining  small  quantities  of  eiectrioity. 
It  consists  of  a  plate  of  resin.  A,  about 
12  inches  in  diameter,  contained  in  a 
shallow  dish  of  metal,  and  a  metallic 
disc,  B,  a  little  smaller  than  the  pl^ito 
of  resin,  provided  with  a  glass  handle, 
for  removing  it  from  the  resin  at  plea- 
sure. To  operate  well,  the  surface  of 
the  resin  should  be  perfectly  smooth. 
To  charge  the  electrcphorua,  the  disc 
is  removed,  and  the  surface  of  the  resin  rubbed  briskly  with  a 
piece  of  warm,  dry  flannel,  or  struck  several  times  with  a  dry  silk 
handkerchief,  folded  up  for  the  purpose,  by  which  a  negative 
electricity  is  excited.  If,  now,  the  disc  of  metal  be  restored  by 
means  of  its  insulating  handle,  its  lower  surface  will  become  posi- 
tive by  induction  (84),  and  its  upper  surface  negative.  By 
touching  the  upper  surface  of  the  disc,  when  in  this  position,  with 
the  finger,  tbe  negative  electricity  will  be  discharged;  and  if  jt  bo 
then  removed  carefully  by  its  handle,  it  will  be  found  highly 
charged  with  positive  electricity,  so  that  a  considerable  spark  may 
be  obtdned  from  it.  As  the  cake  of  resin  has  lost  nothing  of  its 
electricity  by  the  operation,  the  process  may  be  repeated  any 
II  iiniber  of  times,  with  the  same  result. 

iprtrk   be    obtainod  fi'om    the    macliiiin' 
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SOUKCES    OF    ELECTRICITT. 

ro-Blentrie  Machine  is  an  instrument  for  exciting  e 


A  ui    ph 


A  y 
g  to  e 


G 
Th  rm    E  y  — 


of  lighluiQg  and  thundar?  Who  Erat  esplained  theiv  oniiae  >.  What  ara 
Ughlniiigtods?  What  is  said  of  bmldinga  iritli  metallio  roofs?  93.  liovr 
may  cryst^s  Eometimea  he  eloctrlcall;  excited? 
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88  SOimCES    OF    ELECTRICITY. 

but  the  esoitement  is  very  feeble      Orystah  of  some  other  Eub 

e  common  methcd  of  exciting  electnuty  by  olian:;a 

,  IS  t3  heat  elinhtly  tte  ends  of  two  ot  moie  small 

rods  of  djffeient  metals  at  thur  juaction,  is  repre- 

[  the  fijTure      Let  A  be  i  amill  rod  of 

antimony,    ind   B    mother   of   bisranth,    'oldried 

^ether  at  one   end ,   and  ihcn  lot  (ho  boat  nt  i 

spirit  limp  be  applied,  fji  a  moment,  it  the  pumt 

'heie  they  are  soidcri-d,  while  the  bars  are  warra- 

ig,  the  biamuth  will  be  negitive,  and  the  antimony 

positive      The  bi-niuth  is  called  the  po*!itive,  and 

the  antimony  the  negative  metal,  beotuse,  while 

heating,  the  positive  fluid  ippeirs  to  onginito  la  the  formei,  ind 

flow  to  the  latter,   but  an  eli-otrometei  mil  show  the  dificri-nt 

states  of  the  metals,  as  abo\e  indicated 

Other  metals — and  even  non  metallic  substinees  —may  be  used, 
with  similar  results.  German  silver  and  brass  answer  very  well, 
the  former  corresponding  in  its  action  with  the  antimony,  and  the 
latter  with  the  bismuth. 

The  effect  will  be  considerably  increased,  if  sev 
metals,  arranged  as  above,  are  associated  togelhi 
_  _  _  _  the  accompanying  figu 
rods.  A,  being  of  Ger 
the  intermediate  one 
When  the  metals  ari 
at  the  points  of  junction 
treniity  of  the  bars,  and  kept  cool  at 
the  other,  the  terminal  bars  become 
esnited,  and  a  constant  current  flows  over  any  uooducting  sub- 
Btance,  as  a  copper  wire,  connecting  the  extremities  of  the  sciies. 
If  the  upper  ends  of  the  rods  be  heated,  the  direction  of  the  cur- 
rent over  the  wire  will  be  as  shown  by  the  arrow.  If  the  lower 
ends  be  heated,  or  the  upper  ends  cooled,  its  direction  will  be 


ral  pairs  of  the 
',  as  shown  in 
J,  the  alternate 
lan  silver,  and 
B,  of  braE= 
!  gently  healed 


. — Describe  tlio  mode  with  two  mctiils.     How  miiy  tlie  elfect 
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SOURCES    OP    ELECTEICITY. 

To  render  the  icstrument  more  compict,  the  metallic  bais 
be  pkced  side  by  side,  wath  only  a  shp  of  ailk  p  inPs 

between  them,  the  ends  being  bent  a  httie,  so  | 

as  to  admit  of  being  soldered  as  befoi  e  Suoh 
on  instrument  constitutes  the  thumo  ehdiic 
pik,  which  ia  figured  in  the  margin,  P  and  N 
being  the  positive  and  negitive  polei 

The  existence  and  diicction  of  the«e  cur        jafrmo^eciricnie 
rents  are  best  shown  by  a  delicate  gahanometerj  an  instrument  tt 


i^^ 


By  reversing  the  esperimcnt,  and  passing  a  current  of  electricity 
through  the  series  of  bars,  they  will  be  heated  or  cooled,  according 
to  the  direclion  in  which  the  current  ia  made  to  pass, 

94.  CJiemical  Action, — Chemical  action,  as  the  solution  of  a 
nietJil  in  an  acid,  and  the  combustion  of  charcoal  in  an  ordinary 
five,  it  is  believed,  is  always  attended  by  the  development  of  elec- 
tricity. In  the  oonibuation  of  charcoal,  the  gas  arising  from  the 
coai  is  positive,  while  the  coal  itself,  if  insnlated,  is  negative;  and 
when  a  meta!  is  dissolved  in  an  acid,  a  current  of  positive  electricity 
always  passes  from  the  metal  to  the  liquid  and  any  cnnducting 
substance,  as  a  plate  of  copper,  contained  in  it 

Lot  Z  be  a  zinc  plate  immersed  in  water, 
acidulated  with  a  little  sulphuric  acid,  con 
tained  in  a  glass  vessel,  and  C  a  plate  of      < 
copper,  also  inimersed  in  the  same  liquid      *\ 
the  zinc  will  be  gradually  corroded,  and  a      \v 
current  of  posiiive  electricity  pass  from  it 
through  the  liquid  to  the  copper;  and  if 
the  plates  are  connected  by  a  wii'e,  the  cuirent  «ill  po&s  over  it  in 
the  direction  indicated  by  the  arrows. 

But,  although  we  have,  in  these  an!  other  cises  of  chemicul 
action,  such  decided  and  even  powerful  developracafs  of  electricity, 
it  is  admitted,  that  in  very  many  cases  where  chemical  action  really 
taltes  place,  no  indications  of  electricity  have  as  jot  been  obseri'od. 
The  action  of  one  salt  upon  another,  of  one  metal  upon  another,  or 

QiFEaMOca. — Describe  the  tkermo-ekctrk  pile.  94.  Ia  ehomieal  setion 
always  attended  bj  the  development  of  electricity  1  Describe  tlic  simple 
(Tiilvftuio  circle.  Are  indications  of  electrical  exoitameat  alwajs  observed 
during  chemical  action  ? 
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ir  sulphur,  upon  a,  metal,  may  be 
o  electriciil  esoitement  is  actually 


of  a  simple  element,  as  oxygen 
mentioned,  as  insCancos  ia  which  n 
knowu  to  take  plnco. 

Tlio  electricity  of  chemical  action,  sometimes  called  dynamical 
electriciil/  (92),  properly  constitutes  tlie  subdivision  of  the  general 
Bubjeot  of  electricity  called  Galvanism  ;  and  under  this  title  it 
will  be  discussed  more  at  length,  as  it  is  this  branch  of  the  general 
Biihjeot  which  more  especially  concerns  the  student  of  chemistry. 


GiL^    iNISM 

95   The  science  of  U^himsm  owes  ita  name  and  origin  to  the 
esf^nments  on  animal  irrifihihty  mide  bj  tj  I    n    p    f  f 

an  itomy  at  Bologui,  Italy,  in  the  year  1790      In  tl  f 

some  of  his  raves  ti  gat  ions,  he  discovered  th    f    t  th  t  m        1 
coiitiactions  are  esciled  in  the  leg  of  a  fro^        ntly  li  11  d   wh  n 
two  metals,  such  as  zinc  and  silver,  one    f  wl    h  t      h      the 
criir.ll  nei\e,  and  the  other  the  muscks  to  wh   h    t   s  d  t   but  d 
are  brought  into  contact  with  one  another. 

The  experiment  with  the  legs  of  a  recently  killed 
f  og  ii  easily  repeated,  in  the  following  manner : — 
After  k  Uing  the  frog,  inifflcdiately  separate  the 
h  ad  le^jS,  with  a  small  portion  of  the  spine,  and 
remove  he  skin ;  then  bind  around  the  part  of  the 
p  ne  removed  with  the  legs  a  piece  of  tin-foil,  F, 
and  hoi  ling  it  up  with  the  left  hand,  apply  a  piece 
of  s  Ive  ooin,  or  a  rod  of  silver,  S,  bent,  if  necea- 
sarj  so  that  it  shall  touch  the  tin-foil  and  the  flesli 


f   1 

1    ly 


1 


ml       f   h    1      wl 
dj   k        f   h    u 


QtrESTiONS  —By  what  name  is  the  electricity  of  chemical  fiction  gene- 
rally known'  %.  What  was'  tl<e  discovery  of  Galvaui !  Deseriiio  the 
exptriiaoiit  with  the  legs  of  the  frog. 
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will  gradually  subside,  but  sometimes  it  will 
n  bour  after  the  death  of  the  animal, 
espeoially  those  of  t] 


bilitj  of  ibe  n 
continue  more  thou  e 

The  large  legs  of  some  inseoti 
may  be  used  for  the  siime  purpose,  ii 
Ie  necBssnry  ouly  to  remove  with  a  sharp 
peiilinife  a  portion  of  the  aliin  from  each 
Bide  of  the  tUicli  part  of  one  of  the  leap- 
ing logs,  BO  as  to  espose  the  flesh  ;  then 
by  laying  the  under  side  of  the  leg  upon 
a  small  pieoe  of  moistened  lino,  Z,  and 
bringing  a  pieoe  of  oopper,  C,  in  coutaot 
with  the  flesh  exposed  on  the  upper  Bide, 
no  motions  will  be  observed  until  the  oopper  also  iauohes  the  line,  nhen 
quiok  movemenls  or  jerks  '"f  the  lower  part  of  the  log   A  B  will  bo  aeon 


Simpl    6  1    ni    C 
d    f    1  b 

h     b  d 
d       p 


pi    gl 


1|    1 

g    ph94 


1 
lly  m  tal 


h     p 


1 


to    h    1  1    d      If 


b    pi 


h    pi  te 


1    g        f    h 


pi  te    p 
1        d 
d     h   b 
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II  b 
b  1 


f 


d    1 


06.  IVhiit  constitutes  a  si«'j>7e  galvanic  circle?  When  is  the  eleetrioily 
osoited!  What  is  the  use  of  the  plate  of  oopperT  In  what  diieetion 
does  the  positive  current  flow  ?    Must  the  circuit  alvrajs  bo  complete  ? 
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rent  s  IcB  red  to  pas'i  U  u  l!y,  a  wire  is  connected  with  each 
p!  e  wh  ch  may  be  brought  in  contact  or  separated  at  pleasure. 
\\  hen  thej  are  in  contact  tl  e  c  roait  is  said  to  be  dosed;  when 
tb  V  a  e    epa  at  1    t      sa  d  to  be  brolcett,  or  open. 

97  As  tbo  elect  ty  s  d  yeloped  entirely  by  the  chemieal 
a  t  on  I  twepn  tl  e  z  no  pi  te  and  the  acid,  it  ia  only  upon  the 
e  tl  0  f  tl  e  z  no  covered  by  the  acid  that  the  electric  disfurbanoi 
t'ike?  jilace  ■  ind  other  things  being  equal,  the  quantity  of  elec- 
tiicity  set  in  motion  will  bo  propor- 
tional to  the  extent  of  zinc  surface 
thus  exposed  to  tbo  acid.  And  in 
e\  ery  case,  in  order  to  establish  the 
current,  the  circuit  must  be  made 
complete  Thus,  if  wo  take  two 
cups  ot  d  !i  te  acid,  imraeraing  in  one 
acDppu  C  and  in  the  other  a  zino, 
Z  plate,  and  connect  the  two  by  a 
wire,  as  shown  in  the  figure,  though 
le  chemicil  action  will  take  place  no  current  will  be  established. 


for  the 


1  thit  no  Circu  t 


s  been  foimed.  Chemical  action 
does  indeed  take  place  in  the  cup 
0  3nt=iining  tho  zino  plate,  and  its 
electri<,ilj  no  doubt  is  disturbed ; 
but,  still  no  current  can  be  esta- 
blished For  this  it  is  necessary, 
fuither,  to  add  the  conducting  wire 
A  B,  as  shown  in  the  nest  figure  ; 
the  direction  of  tho  current  will 
fhea  be  1=  shown  by  the  arrows- 

It  IS  to  be  understood  that  here, 

as  elsewhere,  in  using  this  Ian- 

ginge,  we  have  leference  to  the  pcitire  fiuid;  but  in  reality  there 

IS  just  as  mui,h  reason  to  believe  there  is  ilso  at  the  same  time  a 


^TiONS — When  is  the  oirouit  saict  to  be  closed?    When  open? 

■what  will  the  quantity  of  fluid  put  in  motion  be  proportional? 
a  llio  nfccsaity  of  completing  the  cu-enit,  as  illustrntal  by  iLo 

in  this  paragraph. 
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negative  current  established  in  the  opposite  direction.  la  every 
ease,  tbe  direetioo  of  the  positive  current  will  be  fmm  the  metal 
acted  vpon  fo  tlie  Uqui'l,  and  that  of  tlie  negative,  of  course,  the 
reverse.  The  direction  of  the  poative  current,  therefore,  in  the 
apparatus  last  figured,  is  from  tbe  zino  cell  to  the  copper  cell,  over 
the  wire  connecting  the  cells,  and  from  tbe  copper  to  tbe  aino  over 
the  wire  connecting  the  plates,  aa  shown  in  both  cases  by  the  arrows. 
To  break  the  circuit  it  matters  not  which  of  theae  wires  is  inter 
rupted;  both  are  ec[ually  necessary  to  complete  the  circuit. 

08.  ABimplegalTanieeiraleinaj'beforniedof  one  metil  and  two  liquids, 
provided  tlie  liquids  are  euoh  that  a  stronger  clieniical  action  is  induced  on 
one  aide  than  on  tlie  other.  Nay,  even  a  plale  of  caetal,  with  two  portiona 
of  tlie  eame  liquid,  may  be  made  to  constitute  tbe  simple  ciiMuit,  pronded 
only  the  conditions  are  sucli  tliat  one  side  of  tbe  metal  shall  be  noted  npon 
by  tbe  liquid  more  readily  tban  the  other.  This  will  be  effected,  if  one 
portion  of  tbe  liquid  is  warmer  or  stronger  than  the  other,  or  if  one  snr- 
fime  of  tbe  metal  ia  rougii  and  the  other  polished. 

Wb  have  above  repreaoQled  the  positive  ourrent  ea  passing  from  the 
zinc,  through  tbe  liquid,  to  the  copper,  and  in  tbe  opposite  dii-oction  over 
the  wires  connecting  the  plates  above  the  liquid ;  tliis  will  always  take 
plaoe  when  a  diluted  acid  is  used,  which  attacks  the  zinc  mo™  violently 
than  it  does  the  copper ;  but  if  a  solution  of  ammonia  be  snljstitutod  for 
the  acid,  the  copper  will  be  most  aeted  upon,  and  the  eurreut  <ni!l  move 

It  is  not  necessary  that  copper  and  zinc  alone  should  always  be 
used  in  these  experiment;  other  metals  uiay  be  adopted,  with 
c(|ual,  and,  in  some  oases,  with  even  more  decisive  results.  Nor 
is  it  required  that  the  liquid  should  always  contain  an  acid ;  other 
substances,  as  solutions  of  the  salts,  are  often  very  efficacious  in 
exciting  this  subtile  fiuid.  The  conditions  required  are,  that  the 
jnetals  and  liquid  used  should  be  such  that  chemical  action  will 
take  place  more  readily  between  one  of  them  and  the  liquid  thau 
between  the  other  and  tbe  liquid  ;  and  that  metal  ia  always  found 
positive  (below  tlie  surface  of  the  liquid)  which  is  most  acted  upon 
by  it.  Otber  things  being  equal,  the  galvanic  action  will  be  more 
intense,  the  greater  the  difference  between  the  the  two  metals 

Questions. — Is  (liero  a  onvrent  of  the  negative  Snid!  Wliat  is  its 
direction  na  compared  with  that  of  the  positive?  98.  How  may  a  simple 
circle  be  formed  of  a  single  metal  and  two  liquids?  Will  the  positive  current 
lilways  pass  from  the  zino  to  tlie  copper!  Why  is  the  direction  rETersed 
when  aqua  ammonia  is  used?  May  other  metals  besides  copper  and 
zinc  he  used  ?     What  arc  Ihe  conditions  required  ? 
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niont  of  this  kind,  though  by  no  means  the  most 
efficient.  It  is  formed  of  pieces  of  copper,  c,  ziac, 
?,  and  cloth,  the  latter  being  nioisteued  with  a  solu- 
tion of  salt  or  acidulated  water.  Comtneuoing  with 
either  of  the  metals,  upoa  this  is  placed  a  piece 
,       — . ...  of  cloth,  and  then  a  piece  of  the  other  metal ;  tha 

I   L^^         three,  of  course,  conatituling  a  simple  galyanio 
circle.     Upoa  this  circle  ether  simple  circles  ai'e 
then  formed  in  the  same  manner,  care  being  taken 
to  place  the  metals  throughout  the  series  in  the 
iqiiuDi'iie        ^^^^  order. 

The  aeries  may  be  extended  indefinitely;  but,  usually,  from 
fifty  to  one  hundred  pairs  of  metallic  plates  will  be  found  as  many 
as  can  be  employed  advantageously.  When  in  action,  the  extreme 
zinc  plal«,  which  is  represented  as  uppermost  in  the  figure,  will 
ba  negative,  and  the  extreme  copper  plate  positive;  and  if  they 
be  jonaected  by  wires,  the  current  will  flow  in  tlie  direolion  of 
the  arrows,  both  through  the  series,  and  over  the  wires.  The 
extremes  of  the  series  are  called  its  ^oles,  or  electrodes  (from 
dectTon,  and  odos,  a  way). 


s.— 99.  What  conatitntes  the  galvanie  battery,  or  eontponnd 
cijtle?  What  conatUutea  the  pofes  of  the  niTangeraent ?  Describe  the 
voUaicpile.      How  many  pairs  or  jilatos  are  needed?     What  avo  the  pules, 
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llie  voltaic  pile  is  now  rarely  employed,  because 
otliiT  inodes  of  forming  galvama  eombmatious  which  a 
powerful  and  cooveuit'n  t.    Cruickshank's  battery,  one  of  the  earliest 
invented,  coasista  of  a  trough      ^.— ^  _^-^ 

of  baied  wood,  about  thirty 
inches  long,  in  which  are  placed, 
at  et^aal  distances,  fifty  pairs  of      ||J]N'  -  'pW" 

aino    and    unpper    plates,    pre- 
viously soldered   together,    and  t»^__.  ■ 
so  arranged  that  the  same  metal 

shall  always  be  on  the  same  aide.  Each  pair  ia  fised  in  a  groove 
cut  in  the  aides  and  bottom  of  the  bos,  the  points  of  junction 
being  made  water-tight  by  cement.  The  apparatus  thus  con- 
structed is  always  ready  for  use,  and  is  brought  into  action  by 
filling  the  cells  left  between  the  pairs  of  plates  with  some  conve- 
nient solution,  which  serves  the  same  purpose  as  tho  moistened 
cloth  in  the  pile  of  Volta. 

An  excellent  compound  circle,  or  battery,  ia  formed  by  coni- 

bioing  a    cumber   of  cups   like    (hat  , ^ 

represented  in  paragraph  94.  Bach 
cup  contains  a  zinc,  Z,  and  copper 
plate,  C,  the  aino  of  one  cup  being  con- 
nected with  the  copper  of  the  nest, 
through  the  whole  series,  leaving  the 
two  extreme  plates  free;  and  the  cups 

fire  filled  with  diluted  acid,  or  a  solution  of  salt.  The  two  fi'oe 
plates,  constituting  the  estremltiea  of  the  series,  will  be  the  poles, 
or  electrodes;  and  when  they  are  connected  by  wires,  the  current 
will  be  established  in  the  direction  of  the  arrows. 

By  studying  oloaely  thia  arrangement,  it  will  be  spen  that  the 
actual  quantity  of  electricity  flowing  over  the  wires  coaoeeting  the 
electrodes,  is  no  moie  than  when  a  single  cup  only,  with  a  single 
pjir  of  plates,  is  used.  The  same  electrical  dusturbauee  takes 
place  in  each  cup,  over  the  whole  surfj-oe  of  the  zinc  plate  which 
ii  coversd  with  the  liquid,  the  part  of  this  plate  above  the  liquid 
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g  negative,  and  the  liquid  bccomiug  equi^lly  positive  j  the 
copper  pkte  then  servos  ai  a  tonductor  to  take  up  this  positive 
electricity,  and  con\ej  it  to  the  ntgative  zinc  of  the  next  cup,  by 
which  it  will  be  exactly  neutnljzed.  However  extensive  the 
series  may  be,  thie  will  take  place  with  every  alternate  zinc  and 
copper  plate  except  the  extreme  ones,  so  that  the  quantity  pass 
ing  over  the  wires  connecting  the  electroJe"!,  will  be  only  that  of 
the  single  pair  of  plates  constituting  the  extremes  of  the  series, 

100.  But  aUhough  the  quaniiiy  of  electricity  developed  at  the 
eleotrodes  of  the  compound  circle  is  no  more  than  we  sliould 
obtain  by  using  a  single  pair  of  phtea,  yet  it  will  be  found  to 
have  acquired  a  very  important  property,  called  int&nmiy.  By 
this  term  is  meant  its  power  to  overcome  ri. 'distances  which  may 
impede  the  passage  of  llie  current  The  cuiient  from  a  single 
pair  of  plates,  however  large  they  may  be,  will  alwija  be  exceed- 
ingly feeble,  and  will  not  flow  unLia  the  wiies  connected  with 
them  are  in  actual  contact;  but,  if  the  polar  wires  of  the  com- 
pound circle  are  once  brought  in  contact,  they  may  be  separated 
at  a  little  distance,  and  the  current  will  continue  to  pass  between 
them,  with  a  brilliant  flame.  The  reason  is,  becaiise  the  current 
from  the  compound  circle  possesses  suflicieiitinfcnsi/^  to  overcome 
the  resistance  of  the  thin  stratum  of  air  between  the  wires,  which 
ia  not  the  case  with  the  current  of  the  simple  circle 

So,  if  the  polar  wires  of  the  simple  circle  are  grasped,  one  in 
each  hand,  by  the  operator,  not  the  least  sensation  v^  felt,  because 
there  is  not  sufficient  intensity  to  impel  the  curient  through  the 
system,  which  is  comparatively  a  poor  conductor,  but  if  the  same 
ia  done  with  the  polar  wires  of  the  compound  circle,  especially  if 
the  series  bo  extensive,  the  moment  the  circuit  is  formed,  a  pow- 
erful shock  ia  experienced,  similar  lo  that  received  from  the  Ley- 
den  jar.  This  is  owing  to  the  increased  intensity  of  the  current 
from  the  compound  circle,  enabling  it  to  overcome  the  resistance 
which  is  interposed. 

Qdestiokb. — 100.  Whai  benefit  then  is  deiived  from  inoreasing  ilie 
KBi'ies?    What  ia  meant  by  iiitcnaity?    Wlij  will  not  any  s< 
produced  in  tlio  Bjstcni  by  u.  single  cell  ? 
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101.  From  the  abo\o  fdcts  wg  deduce  tliis  important  practical 
principle:  thit  to  pr3dm,e  a  current  of  quaiililt/,  a,  binglo  pair 
only  of  latge  plates  is  wanted,  but  to  giTO  intensiii/,  a  miinber 
of  simple  circles  must  be  combined,  in  the  manner  described. 

Compared  with  friotioiial  or  statical  electricity,  that  of  the  roost 
powerful  gilvanio  battery  has  always  only  a  feeble  intensity,  but 
the  <;[uaatity  is  oftea  immense 

T!io  energy  of  any  bnttetT  wbether  composetl  of  one  or  many  simple 
circles,  will  depend  teit  maeb  upon  the  nature  of  the  liqn  d  uaeil.  A 
Eotutioii  of  common  salt  snlpbate  of  soda  nitrate  of  pota  "a,  alum,  or 
other  salt,  will  answer  the  purpose  but  acidis  aie  bettei  Qanerally,  one 
of  the  stronger  aoids  la  viiecl  diluted  uith  15  or  20  times  its  weight  of 
water.  For  ord  nary  purpoaes  a  miiture  of  equal  paita  of  niti-io  naii 
sulphuric  fteiiJs  diluted  with  20  times  tbeu  weight  of  water,  will  be 
found  to  answer  well 

102,  Mature  of  tlie  Chemical  Action  m  the  Battery. — The 
development  of  electucitj  tj  the  u>uil  galvanic  arrangements  is 
Rttributod  chiefly,  if  not  eniiiely,  to  the  decomposition  of  water 
in  contact  with  the  zinc  plites  Wdter  la  a  compound  of  osjgcn 
and  hydrogen,  and  is  mcipable  of  acting  upon  zinc  unless  some 
aeid  be  also  present  But  when  a  piece  of  this  metal,  m  its  usual 
impure  state,  is  iimaersed  m  diluted  acid  the  iiiter  is  decom- 
posed, its  osjgen  combining  with  the  zinc,  forming  (side  of  zino, 
while  the  hydrOj^en  rises  in  bubbles  and  escapes  in  the  air,  and  at 
the  same  time  the  oxide  ot  zinc  is  taLcn  up  by  the  ■^cid  If,  now, 
a  plate  of  copper  js  placed  in  the  diluted  aeid  at  a  little  distance 
from  the  zinc,  and  the  two  connected  by  a  wire,  constituting  a 
fiirapie  galvanic  circle  (97),  the  bubbles  of  hydrogen  will  not  rise 
around  the  zino  as  before,  but  around  the  copper;  showing  that 
the  gas  has  in  some  way  been  transmitted  through  the  liquid 
between  the  plates,  though  not  the  least  appearance  of  any  motion 
can  be  observed  by  the  eye.  If  the  connecting  wire  is  removed, 
the  evolution  of  hydrogen  at  the  copper  plate  at  once  ceases  wiih 
the  cessation  of  the  electrical  current,  but  continues  to  rise  slowly 

QcESTioKs. — 101.  What  is  said  of  the  intensity  of  the  excitement  pro- 
duced by  the  galvanio  battery,  as  compared  with  thntofBtatioBJeleotrioity  ? 
Whnt  acids  are  reoommended  for  nae  in  the  battery?  102,  What  is  E]!iil 
of  the  chemical  action  that  takes  place  when  a  piece  of  lino  is  immci'sfiii 
in  a  dilate  aeid?  Wliat  is  the  occasion  of  the  bubbles  upon  the  line! 
WliBn  a  copper  plate  is  connected  with  the  ■daa  where  do  ihs  buljliku  at 
hydrogen  make  their  appearance? 
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litter  effect  howeTi.r  13  oeoisione  1  by  tlia 
TbuB  it  wnull  "ieem  thit  the  !e\elopment 
]  entiiely  by  the  dccooipcsition  of  tha 
of  osiJe  of  ziQC 


9C 

irotinUiiezmi 
impuiity  of  the  z 
of  the  cuncnt  la 
Witfr   and  thi.  fui 

When  tho  battery  is  in  active  operation,  (hough  the  bydrogen 
n  rapidly  eyclved  at  tbe  cojper  plates  yet  the  whcle  suifaces  of 
these  jlatea  will  be  all  the  time  covered  with  a  film  of  this  gaa, 
which  interferes  with  its  conducting  power,  ind  prevents  the  fret 
pissifje  of  tbe  current  at  the  same  time  as  a  mitter  of  course, 
diniinisb  ug  ^ery  consiJciably  the  energy  of  tbe  batteiy.  T» 
remedy  tb  s  difficulty  se\cnl  new  forms  of  the  batfeiy  have 
recently  been  invented,  whicb  act  witb  gioat  energy,  and  will 
1  ere  bt  bri  fij  described 
103  Duiiela  Constant  Battery — Tbis  e-scell  nt  nstr  ue  t 
consists  of  a  cjlmdrcal  \es5el  of  copjer  C  a 
wb  cb  13  J.1  cod  anotbei  sn  slier  one  J  n  de  of 
naoiled  leathei     or   unglazod   joicelajn     tl  ough 

b    I    w        w  U  ^    d    lly  percolate     and    n  tl 
1  1  d  of  zinc,  Z   a!  0  t  a       cU 

dm  T      1     8    It  tbe  inner  poious  ves- 


!  wl 


ipb 


with  p 

by  tb     1^ 

Us    11 
done  bj       \ 
somew    k 
surfa 

but  tl      sa 
using  1 


h      od  of  zinc    IS  fillod  with 

I  (  (id  1  part    and  water  8 

ud  tbe  innei  vessel  with 

f  11  e  vitriol,  acidulated  with 

1      ide  of  the  copper  vessel, 

d  wires  are  soldered,  witb 

1      wires;  tbe  one  connected 

i    b     other  negative,  as  sLown 

d  witb  mercury,  which  is 

li  m      ury,  while  covered  witli 

1       cal  action  over  tbe  whole 

f  he  battery  more  constant; 

pi  hed  with  less  trouble,  by 

d    ibstituting,  in  tbe  porous 
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cell,  a  saturated  solution  of  sulphate  of  soda  (Glauber's  sail),  instead 
of  the  diluted  acid. 

The  above  arrangement,  it  is  plain,  constitutes  a  simple  galvaaio 
circle ;  and  its  action  is  particularly  energetic  and  constant,  itt 
consequence  of  the  accumulation  of  hydrogen  gas  upon  the  copper 
plate  C102)  being  completely  avoided.  This  will  appear  fi-om  th'! 
fullowing  explanation . 

In  this  instrument,  as  In  the  more  common  one  first  described, 
the  electricity  is  developed  at  the  surface  of  the  zinc,  by  the  deoom- 
positioQ  of  the  water;  the  oxygen  combining  with  the  zinc,  and 
the  hydrogen  passing  through  the  porous  vessel  into  the  vitriol 
solution,  and  thence  to  the  sides  of  the  copper  vessel,  which  con- 
stitutes the  copper  plate  of  the  series  (98).  Heie  (he  hydrogen 
does  not  make  its  appearance  in  bubbles  upon  the  surface  of  the 
copper,  as  in  the  common  arrangement,  but  enters  into  a  new 
combination  with  the  osygen  of  the  oiide  of  copper  deposited 
from  the  vitriol  solution.  Blue  vitriol  is  a  compound  of  sulphuric 
acid  and  oxide  of  copper;  ami  while  the  batteij  is  in  npciatinn, 
it  ia  all  the  time  deoomposmg,  its  acid  passing  into  the  poroaa 
cup,  to  act  upon  the  zinc,  while  the  osule  of  coppei  11  it=elf  also 
decomposed,  its  oxygen  combining  with  the  hjdrogeu  at  the  sur 
face  of  the  outer  vessel,  which  receives  a  new  coitinj  of  metallic 
copper. 

Any  number  of  these  arrangements  mnv  be  united  by  eoiiiiei,tmg  the 
line  of  one  with  the  copper  of  the  next  as  heietofme  ilisnilj^tl  (J9| 
and  a  batter;  so  consfrucCed  Iins  <h\s 

great  ^vantage,  that  ao  aotion  tnkes  a,      ^_^  ^_^^ 

place  when  the  oireuit  ia  not  oloaed  T,  *h5-   /tt-s-  /fV=^ 

It  18  iilBO  yery  constant  in  its  action         "i  ^  1  1  j 

affording  a  aniform  current  for  seve  E  1  > 

ral  hours  in  sucoes^on.  ,  | 

The  figure  in  the  margin  ropie  L  li 

eenta  a  battery  of  this  kiad,  ol  six  ' 

"When  a  battery  of  this  kind  is  to  I  '  j 

be  used  acme  tiniCj  a  quantity  of  un      ^  fe,  |  ^ 

dissolved  blue  viti-iol  should  be  kept     ^^IL  „         '  ,^_  4  „      , ' 

ill  Hie  upper  part  of  the  copper  cell,  Ham  1    L,itt  u 

either  upon  a  slielf  provided  for  the 
purpose,  or  in  a  mualin  bag,  to  keep  the  solutitn  constantly  sntmated 

—Howls  the  hydrogen  disposed  of  in  tliis  arrangement? 
ed  a  comlant  hattery  1  How  arc  the  separate  cells  to  bo 
the  compound  airaiig?ment? 
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104.  Grove's  Cell.— This  battery,  iuvcnted  by  Professor  Gfove, 
of  LoadoLi  13  le  mark  able,  not  only  for  tha  constancy  of  its  nction, 
but  aho  fir  Its  ^reat  intensity. 

of  this  buttery  is  sboiru  in  tlie  accompanying 
figure.  A  glasa  or  porcelain  cup,  of  a  proper 
Biza,  is  nsed,  and  in  it  is  placed  r  hollow  cjliudei" 
of  zino,  Z,  (usually  having  a  slit  in  one  side,  to 
allow  a  freo  passage  to  the  liquid),  and  inside 
of  thi"  a  small  cylindrical  cup,  C,  of  porous  or 
unglazed  porcelain.  The  glnas  cup  is  then  filled 
with  diluted  sulphuric  acid  (of  the  tsame  strength 
as  IS  used  in  Daniel's  battery),  and  the  porous 
cup  with  strong  aquafortis  (nitiio  acid).  Lastly, 
T  ihin  slip  of  platinum,  P,  is  suspended  in  the 


g  to 


cdl.   Whftt  in  tills  oasa  bocomca  u( 
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(!i>lil  tlieiii  inoi-e  atenililj.      Tlie  lioliow  ojliiiJavs  of  lino,  when  luade  fot 
tliia  pui'pube,  are  enst  with  aims  rising  fi-oiii  ouo  sidB,  and  tliuii  pfojef^*.- 


ing  a  diatanoe  liorizontnlly ;  and  to  the  end  tho  platinum  plate  is  firmly 
Eoidered,  so  as  to  liang  directly  in  the  nitrio  ncid  cup  of  the  next  adjacent 
series.  The  wliote,  it  will  be  observed,  forms  a  connected  sei  es  and 
the  terminal  zinc  at  one  extceniity,  and  the  platinum  at  tlie  other,  nith 
Mch  of  which  a  binding  screw  is  connected,  constitnte  tbe  negatiTO  and 
poaitiye  poles.  The  terniinnl  platinum  plate  is  supported  in  its  place  by 
n  wire  passing  through  a  pieoe  of  wood  ntlaolied  to  the  side  of  the  bos 
or  the  cup,  aa  represented  in  the  figure.  When  a  greater  power  is 
required  than  is  afforded  bj  a  battery  of  Uiis  size,  it  is  found  more  con- 
venient to  connect  two  or  more  batteries  together  tlian  to  have  a  largei" 
number  united  in  one  series.  The  hatterieB  are  connected  by  extending 
a  wire  from  the  positive  pole  of  one  to  the  negative  of  the  neit;  they 
then  in  reality  become  a  single  series. 

This  IS  the  liind  if  batteiy  generally  used  in  working  the  mngnetlu 
teleginph    as  it  eieels  all  others  iu  the  constancy  and  intensity  of  its 

105  SmeesCelL — Thievery  efficient  ariange 
meiit  IS  lefie'cntefl  iQ  the  figuie  m  the  mai 
gin  Ttto  plit(.3  of  zitic,  well  ftnjalgjin<ited,  , 
are  fiitiilj  hold  together  aga.inht  a  pic(,e  of  ^uo  I 
W,  by  meiDs  of  a  brass  Uarap  and  screw,  in  1 
letween  them  is  a  plate  of  "siherj  &,  the  suifdi 
nt  which  has  been  coated  en  or  with  mefalli 
jlsiinum  in  a  state  of  fine  powder,  called  pltti  | 

uum  bhek      The  zinc  and  aih  er  plates  are  the  i  I 

suepended  in  a  gld=a  vessel,  the  piece  of  wood  ii    ji  i  i 

,™i..s  »P"  tie  top  «.  Kriiog  .orew,  con  '*m|p!^ 
stituting  the  +  pole    la  connected  by  a  wiie  dmoBCeii 


'Oo    Describe  Sme  s 
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(wliicli  is  insulated  from  tbe  broas  damp  tbrOHgh  which  it  passes} 
with  the  silver  plate,  and  another,  coastitutiDg  the  —  pole,  is 
soldered  to  the  clamp  which  holds  the  zinc  plates  in  their  places. 
The  liquid  used  in  tha  glass  cup  is  sulphuric  acid,  diluted  with 
10  or  15  times  its  weight  of  water. 

The  peculiar  advaQtago  possessed  by  this  form  of  the  batterj 
depends  upon  the  rapid  evolution  of  hydrogen  from  the  platinized 
silver  plate.  We  haye  seen  above  (102)  that  the  accumulation  of 
this  gas  upon  the  smooth  surface  of  the  copper  plate,  in  the  old 
arrangement,  coasiderably  retards  the  passage  of  the  electric  cur- 
rent, by  preventing  the  liquid  in  a  measure  from  coming  in  contact 
with  the  plate;  hut  this  is  aToided,  in  Sraee'a  an-angement,  by 
the  roughened  surface  of  the  silver  plate,  produced  by  the  platinum 
deposit. 

Compound  ciroles  or  batteries  are  readily  formed  by  combining  the 
simple  Eeiies  of  Dfiniel  itith  each  other,  or  those  of  Smoe  with  each  otJier ; 
but  the  proper  mode  of  doing  it  ivill  be  easily  understood  wilbout  farther 
illnstrotions.  For  many  purposes,  they  answer  well ;  but  neither  of  thsia 
poBsesasa  the  energy  of  that  of  Groye  abOTO  descrihed. 

As  batteries  are  sometimes  oonstructeci,  and  as  they  are  usually  repre- 
sented iu  books,  the  direelion  of  the  CHrrent  appears  to  be  the  reverse 
of  that  in  the  simple  t, 

enperiluona  plate  at  tr  m 

In  the  figures  in  thia 
represented,  and  the      m  m 

106.  Sunien'a  arra 
Grove's,  except  that 
are  substituted  instea 
are  made  of  carbon 

then  Imcailing  it  nith  g 

107.  Ohm's  For      J   — Th       IT  f  f       b        y    f 
any  oonstniotion  w  11  d  p     1  p 
circumstnnces,  which         w  11      p 
Prof.  Ohm,  and  the    f      g  l)y  I 

To  estimate  the  effective  force  of  any  galvamo  arrangement,  two 
things  are  to  be  considered,  viz:  1.  The  electromotive  force,  or 
absolute  tension  of  the  electric  fluid,  and  2.  The  resistance  to  be 
overcome.     As  there  must  always  be  some  resistance  to  the  passage 

QoEariON. — What  is  the  peculiar  advantnge  of  Smee'a  arrangement! 
TOO.  'Desenhe  Sanseii's  arraitgeiaenl.  107.  What  is  ttie  design  of  Ohiu'n 
fornaila?  To  estimate  the  effective  force  of  a  battery  what  two  thinga 
must  be  considered  ? 


Ijh 
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of  (he  fluid   the  effootive  force  must  always  1)«  tc  i  tliaii  tbe  full 


reta  fhlqdbwalpl  IVh      ff 

fur         linwl\.  =  . — ^Th  hff  jw        fli 

cell  w  )1  b    d       ly  p    p  1         h    ab    !  t    h 

cli  flu  1  wb    h  w  11  1  d  p  nd    p  n    b  y 

tb     1  1  k       pi  nd  ly        b       m    f    li 

re  1     1  qu  a  b    w    n   h    pi  d  h       f 

di  w 

T      i[!y   h        mlwnh  famjnl 

biL      jwh        hfllwgf      ul       4.=  Q  wb       n 

viM,d  to  represent  tbe  wbjie  number  of  cells.  '^  e  see,  tbeicforf., 
tbat  the  effective  power  will  be  directly  proportional  to  the  elec- 
tromotive force  of  eacli  cell,  multiplied  by  the  number  of  cells, 
and  inyersely  aa  the  resistance,  which  is  made  up  of  the  resistance 
<hf  the  wire  connecting  the  poles,  and  the  resistance  of  the  fluid 
of  the  cells. 

The  resistance  r  will  be  proportional  to  the  length  of  the  wire 
and  iayersely  as  tbe  area  of  its  section.  The  resistauce  j^  will  be 
proportional  to  tbe  thickness  of  the  stratum  of  liquid,  and  inversely 
as  its  conducting  fower. 

108.  Animal  Electricity. — Several  animals,  ss  the  i/^mnolus 
etectricus,  which  is  found  in  the  fresh  waters  of  some  patta  of 
Soutii  America,  the  silums  ekcfriciis,  found  in  some  Afiican 
rivers,  and  the  torpedo,  a  species  of  which  bas  been  taken,  though 
riirely,  upon  the  sea-coast  of  Blassaobusetts,  possess  the  power  of 
giving  strong  shoolcs  of  electiicity,  by  means  of  peculiar  galyanio 
s  with  which  nature  bas  provided  them, 
trioal  apparatus  of  these  animals  is  plainly  connected 
with  tbe  nervous  system,  and  is  perfectly  under  the  animal's  cnn- 

Qdestiobs. — 'That  reaistnnco  will  there  always  bo  to  the  paasage  oi 
the  current?  '^o  what  is  the  affaotive  force  of  a  battery  proporlioiinl ? 
108.  What  animals  ai'c  mentioned  os  possessing  the  power  of  giving  sliooks 
of  oleotrioity !     Is  their  electrical  apparatus  under  control  of  the  will  J 


H.,t.db,  Google 


102        ETli'ECTS    OS    GALVANIC    ELECTRICITY. 

trol.  It  is  made  use  of  as  a  defenea  against  enemies,  and  in 
paralyzing  otber  sicali  fisbes,  wliich  are  iaitnediatelj  seized  for 
food.     Tlie  slicek  given  by  some  of  these  animals  is  very  powerful. 


En-ECTS    Oi'    GALVANIC    ELECTKICJTY. 

109.  Galvanio  eleetiicity,  aa  we  Lave  seen,  differs  essentially 
from  ordina.ry,  or  statical  electrieify,  in  several  important  partieu- 
lars,  as  its  feeble  iotensity,  its  imiuense  quantity,  and  its  flowing 
s  current ;  and,  aa  we  should  espect,  there  is  a  cor- 
p     ]        1  fference  in  the  effects  which  these  two  kinds  of 
1  y        capable  of  producing. 

In  q    Qce  of  the  feeble  intensity  of  the  most  powerful 

1  h      ry,  it  is  quite  incapable  of  producing  many  of  the 

b  1         effects  of  the  common  eleclrical  machine,  but  others 
p    d      d  not  less  important.     In  fact,  in  the  galvanic  battery 
h       d       y    gns  of  electrical  excitement  are  almost  wholly  want- 
pi      ly  f  r  the  reason  that  these  indications  depend  ohiefiy 
p  .     Thus,  when  the  circuit  of  a  powerful  battery  is 

b    k         h      is,  when  the  poles  or  electrodes  are  disconnected, 
i    h    f    h       give  signs  of  electrical  excitement,  if  examined  by 
d  esfs;   one  of  them  being  positive,  and  the  other 

^  b  fore  explained;  but  the  indications  are  exceedingly 

f   hi 

A  L  J  5  ial  may  also  be  charged  by  establishing  a  communi- 
cation between  one  of  its  surfaces  and  one  of  the  electrodes,  while 
the  otber  surface  is  connected  with  the  other  eleeirode ;  but  the 
charge  will  always  be  slight. 

Either  of  the  electrodes  will  give  a  spark  to  a  conductor  pre- 
sented to  it,  but  it  is  shown  best  by  bringing  the  two  polar  wires 
in  close  proximity;  and  on  establishing  the  com  muni  cation  be- 
tween the  electrodes  by  the  bands,  previously  moistened,  a 
powerful   shock   is   felt,   precisely   like   that    produced   by    the 

QuKSTioNB. — 109.  In  what  respect  does  galvenio  diffsr  from  stntical 
eleotrieity  !  In  the  charged  galTimio  battarj,  are  tlie  ordmarj  signs  of 
eleotrioal  esoitemenl  apparent?  May  the  Leyden  vial  be  charged  by  an 
active  battery !  How  may  a  spark  be  obtained  from  one  of  tlie  eleo- 
Irodoa?     How  JE  the  shoch  produced? 
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dia'charge  of  the  Leyden  jar.  But  the  shock  is  felt  ooly  at  the 
moment  the  current  is  eatabliahed  j  if  afterwards  ibe  hands  he  held 
firmly  in  their  places  a  peculiar  feeling  of  uumbnesa  m  the  muscles 
in  the  line  of  the  current  succeeds,  and  continues  uutil  the  current 


HO,  Heating-  Effeeta— Deflagration.— When  the  eommuniea- 
tion  between  the  electrodes  of  an  active  battery  ia  established  by 
various  substances  capable  of  conducting  the  current,  they  often 
become  intensely  heated,  and  sometimes  even  consumed  or  dissi- 
pated in  vapor  by  the  heat.  Thus  a  small  wire  interposed  in  the 
circuit  will  become  red-hot  in  an  instant,  and  gold  and  silver  leaf, 
in  the  same  circumstances,  will  take  fire  and  burn  with  brilliant 
scintillations. 

This  heating  effect  of  the  galvanic  current  may  be  produced  at 
a  distance  from  the  battery,  and  gua-powder  or  gun-cotton  and 
other  combustibles  ignited.  Let  W  be  two 
copper  wires,  coated  with  tarred  f 
to  insulate  them  perfectly,  having  their  ex- 
tremities connected  by  a  very  small  platinum 
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Wlien  pieces  of  well-burnt  charcoal  are  attached  to  the  polar 
vires,  on  biinging  them  near  each  other,  a  most  brillliint  arc  of 
flame  appears  between  then),  and  tlio 
poicls  ippear  to  he  vividly  ignited,  as 
Charcoal  Po  ma  jf  heated  bj  iDj  othei  meana      But 

!  heittig  tffett  d  es  not  de).end  uion  the  ccnibii''tion  of  the 
It  la  epdl^  di  great  when  the  charcoal  poiDts  are 
csduded  fiom  the  air  To  produce  the  effect,  the 
pcinta  Bust  £r=t  be  brought  into  oontacf,  but  they 
may  aflerwaidi  be  separited  aume  distance,  and  the 
arc  of  flame  will  continue  At  the  same  tiroe  a  por 
tion  of  the  carbon  point  in  com  eotion  with  the  positive 
pole  disippear"",  and  the  other  point  is  elongated  a^  it 
by  matter  transferred  from  the  other  side.  If  the  char- 
coal connected  with  the  positive  pole  be  hollowed  out  so 
as  to  receive  pieces  of  metal,  as  silver,  gold,  or  platinum, 
iniisBa  wbeii  the  current  passes  the  metals  will  net  only  be 
fused,  but  appear  to  he  even  volatilized,  and  pass  off  in  fumes 

111  Chemical  Effects,  Decomposition, — The  chemical  effeola 
of  the  galvanic  current  are  seen  chiefly  in  the  decomposition  of 
compound  substances,  and  ia  the  operations  of  dcctiu  met  lUuigy, 
soon  to  be  explained.     Thus,  when  two  gold  or  platinum  wirps 

■Describe  the  eiperiiiient  with  Ihe  chiu'oal  pimto  IJqw 
metolg,  us  gold  and  platiimoi,  be  evcu  voktihiod  '  111  In 
the  chemiiMd  effects  ci' galYaoism  cMefl;  seeii^ 
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irc  CO  nccttd  w  th  the  opposite  eni^a 
of  a  battery  and  tlie  i  free  extromil:  ea 
lie  plut);j  d  into  the  sape  eup  cf 
water,  bat  without  touching  eioh 
other  bylr  gea  ^as  is  disengaged  at 
the  negitne  an  1  osj^jSa  at  the  j  o^itne 
w  re  tlie^e  1  eing  aa  we  ha\e  Been 
(102)  the  elements  of  water  If  the 
1   rua  are  broug! t  int     actual  contact 

1  the  witer  the  on  rent  js  eondaLled 
1  reotly  thro  igh  w  tliout  netmg  upon 
owatei  an!  if  any  othei  metalLXoept 
Id  or  pKlin  ira  is  u  ed  for  the  po^i 
t  \e  pole  it  will  y  e  njidly  attacked  by 
the  liberated  oxjgeu 

By  using  one  oi  the  othei  of  the 
two  pieces  ot  apj  aratus  figured  in  the 
nar£,in   the  oxygen  ind  liydrOoe"  may 
be  collected  separately  or  together  13        '^    "'^ 
may  be  desired      The  fint  jiece  consists  of  an  oioi 
a  shelf  and    support   for   two   tule 
N  and  P  which  are  clobe  1  at  the  top 
and  bialin^  hciews  marked  +  and  — 
mh  ch  ooDneot  with  wiri.3  passing  uQ 

leineath  the  elge  of  tie  elas",  and 
tcriiiiitnf.  n  the  mo  itha  of  the  tubes 
After  filling  the  tuhcj  and  inaerting 
them  in  then  plact'.  — the  ■vessel  being 
previously  nearly  filled  w  th  w  ter,  the 
current  from  the  battery  is  made  to  pass 
through  in  the  ordinary  way.  Tery 
soon  tbe  gases  will  be  seeo  to  collect  in 
the  tubes;  and  as  water  coatains  by 
volume  twice  as  much  hydrogen  as  o^jj^en    tl  e  tube 


vui.ajLuj.o. — How  maj  water  be  decomposed  bj  the  curruit!  Descnbi 
the  apparatus  for  decomposing  -water  and  collecting  the  gnsee  formed  ii 
Beparate  tubes.     Describe  that  for  collecting  the  gasoa  togethei'. 
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tainiiig   it  will   be   found  to   fill   proper ticiuu.1) I J   faster   tljaa   tba 

When  the  two  wires  termioate  in  the  same  tuhe,  the  two  gases 
will  be  colleoted  together;  and  by  passing  afterwards  a  spark  of 
n  electricity  through  the  mixture  they  mill  be  again  united, 


ivitb  an  esploa 

In  decomposing  water,  it  is  well  always  to  add  a  few  drop 
)i]  of  vitriol,  (o  increase  its  conducting  power. 

Tf  other  compound  bodies,  sucb  as  some  acids  and  solution 
ed  to  the  action  of  galvanism,  they  are  also  dec 


salts, 

posed,  one  of  their 

other  at  the  other. 

attend! 

posing  water  or  oti 

disengaged  at  the 

niable  substances 

of  the  common  metals, 

oxygen,  oblorinCj 


of 


of 


appearing  at  one  electrode,  and  t!ie 

An  exact  uniformity  in  the  circumstances 

also  reniarted.     Thus,  in  decom- 

compounds,  the  same  kind  of  body  is  alwaya 

ne  side  of  the  battery.     The  metals,  inflam- 

general,  the  alkalies,  earths,  and  the  oxides 

id  at  the  negative  electrode;  while 

,  go  over  to  the  positive  electrode. 

112.  Those  substances  which  appear  at  the  positive  side  have 
been  called  clectro-neffative  bodies,  while  those  that  are  separated 


at  the  negati 

The  decompositi 
shown  in  the  foil. 


called  eleclfo-posili 

a  salt,  which  must  be  in  solution,  may  be 
manner: — Let  two  wine-glasses  be  filled 
with  a  solution  of  sulphate  of  soda,  fwhieh 
is  a  compound  of  sulphuric  acid  and  soda,) 
and  let  some  fibres  of  moistened  cotton  be 
extended  between  them  is  shown  in  the 
figure  It  the  eu  rent  s  then  transmitted 
» compos  ion  nfMi.  tiru^h  the  cups  the  salt  will  Sunn,  be 
cc  n  [I'i  d  ard  the  cup  id  connection  with  the  positive  electiode 
n  1  be  found  to  contain  weak  sulphuric  acid  an  1  that  in  con- 
tct  n  viith  the  negdtue  lI  ct  ode  a  solution  of  wia.  If,  now, 
.  li  tie  red  cabbage  w.itcr  be  poured  into  each,  the  a  id  liquid  will 
letom    red  and  the  soda  solu  ion  Lreen 


Quest  n^ — Mfiy  o  her  compounds  also  be  deccmpo^ed  ?  In  de- 
coTiposng  a  c  mpouul  will  the  same  elemei  t  always  appear  at  tlio 
Bimu  electrode'  112  What  are  dctronegattg  and  declro-podiioi 
Bnbstanoea  ? 
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A  compound  to  bt  decompoaed  by  the  current  must  be  in  the 
liquid  state,  and  must  of  couive  be  a  conductor;  but  all  com- 
(lounds  answering  these  conditions  are  not  by  this  moans  capable 
of  direct  decomposition.  Yet  compounds,  not  directly  decom- 
posable by  the  current,  are  often  decomposed  indirectly  by  the 
hydrogen  derived  from  the  decomposition  of  water  that  is  present. 
Thus,  sulphuric  acid  is  not  directly  decomposed  by  the  current, 
but  hydrogen  separated  from  the  water  present,  making  its  appear- 
ance at  the  negative  pole,  unites  with  the  oxygen  of  the  acid,  and 
causes  the  evolution  of  fumes  of  sulphuric  acid. 

Following  the  suggestions  of  Faraday,  the  term  electrolysis 
(from  electron,  and  luo,  I  unloose)  is  now  very  generally  used 
to  express  this  electro-chemical  decomposition ;  and  the  terni 
electroh/le  to  indicate  a  compound  capable  of  being  thus  decom. 
posed.  The  positive  pole  or  electrode  is  also  called  the  anode, 
and  the  negative  pole  the  cathode  (from  ana,  upward,  /cato, 
downward,  and  odos,  a  way). 

]}ut  instead  of  the  terms  anode  and  catltode,  moat  writers  prefer 
to  say  positive  or  negative  electrode,  as  the  case  may  be. 

The  elements  of  a  compound  capable  of  separation  by  this 
mode,  are  termed  ions  (from  the  Greek  participle  ion,  going) ; 
the  anion  being  the  element  which  appears  at  the  anode,  and  the 
cation  the  element  which  goes  to  the  cathode.  It  will  at  once  be 
seen  that  the  anions  are  electro-negatives,  and  the  cations  electro- 

Tt  is  not  to  be  infen'ed  from  the  above  remarks,  that  every  sub- 
atanoo  will  always  mako  its  appearance  at  the  same  electrode, 
whatever  may  be  the  other  substance  from  which  it  is  separated 
by  the  electrolytic  action.  Oxygen  does  indeed  always  appear  at 
the  positive  electrode,  and  potassium  at  the  negative ;  but  in  the 
electrolyses  of  the  compouods  of  other  substances,  that  element 
will  appear  at  the  positive  electrode  which  is  most  electro- negative, 
and  that  at  the  negative  which  is  most  positive. 

118.  The  following  labia  ashibits  the  electrionl  relations  of  Bararal  of 
tlic  mora  important  elements.     It  is  to  be  understood  that  each  sub' 

QnKSTioNS. — Are  all  compounds  directly  decomposable  by  the  current  J 
i;pHiie  the  terms,  electrolyte,  anode  and  calkede.  What  are  ions?— whut 
(inhnt  and  catioiu  ?  Will  every  substance  always  make  its  cppeavanco 
at  the  same  electrode,  wliatever  miiy  be  the  other  fi'om  11111011  it  is  sepii- 
rateil!     What  is  tho  law  in  Ibis  respect? 
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stance  in  tlie  first  column 

3  electro-negative  us  compured 

belom  it,  but  in  the  seeo 

i  column  each  Eubatanoa  is  ne 

pared  with  all  above  it ; 

+ 

Potass!  am. 

Fluorine. 

Sodiam. 

ChloriDU. 

CalciuiD. 

Iodine. 

Carbon. 

Sulphur. 

Hydrogen. 

nitrogen. 

Zinc. 

PhosphoruB. 

Iron. 

Arsenic. 

Sismutli. 

AtitinioDj. 

Tin. 

Gold. 

Lead. 

Copper. 

114.  We  hoTO  seen  that  the  decomposition  of  a  compound  takes 
place  only  when  tho  curreot  is  made  to  pass  through  it — (hen  one 
of  the  ingredients  is  collected  at  one  electrode,  and  the  other  at 
the  other  electrode ;  thus  in  the  electrolysis  of  water,  the  oxygen 
is  collected  at  tho  positive  and  the  hydrogen  at  the  negative  elec- 
trode. But  how  is  it  that  these  effects  are  produced  7  and  at  whiit 
precise  point  or  points  ?  Are  hoth  gases  Jiherated  at  eaeli  eli^e- 
trode,  hut  one  only,  hydrogen  (the  electro-positive  element),  col- 
iecting  at  the  negative  electrode,  and  the  other,  oxygen  (tlie 
electro-negative  element),  collecting  at  the  positive  pu!e?  This 
would  require  that  opposite  currents  of  oxygen  and  hydrop:ea 
should  be  passing  by  each  other  in  the  liquid  between  the  poles 
while  the  battery  is  in  operation,  of  which  we  have  no  evidence. 
Or,  does  the  decomposition  take  place  along  the  whole  line  be- 
tweea  the  poles  traversed  by  theouiTontf  Other  similar  inquiries 
may  be  made,  which  cannot  be  answered  positively,  but  the  fol- 
lowing is  believed  to  be  a  correct  representation  of  the  phenomeca 
witnessed,  so  far  as  we  are  able  to  delermioe  Water  is  a  coin- 
pound  of  hydrogCD,  which  we  will  represent  by  H  and  osvgo 
which  we  will  indicate  by  0 ; — and  the  con  [  ind  by  J  At  ci 
or  row  of  particles  between  the  poles  we  may  then  itpiesent  tliua 
H,  H,  H,  II,  II  II  — 
-F  0    0    0    0    O   0 

Questions,— 114.  When  only  does  tho  dctomp  t  i  of  a  com]  1 
tnlie  place  ?  Describe  the  manner  in  which  the  1  oo  npos  t  on  of  w  o 
U  sapposod  to  fae  effected  by  tho  passage  of  the  elect   e  current 
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the  sign  +  indicating  the  poaitioa  of  the  positive  pole,  and  —  that 
of  the  negative. 

Instantly  as  the  current  begins'to  pass,  oxygen  from  the  decom- 
position  of  the  water  appears  on  the  poaitiye  sidej  and  hydrogen 
from  the  same  decomposition  a.t  tho  negative  side,  a  state  of  things 
which  may  be  represented  as  follows  : 

,  H,  H,  H,  H,  H,  H  — 
+  000000 

We  have  now  one  less  particle  of  water  than  before,  and  one  of 
the  elements  of  the  decomposed  particle  is  found  at  one  electrode, 
and  the  other  at  the  other  elci,trode  To  piodUi,e  th  s  effect,  it  is 
only  necessary  that,  by  the  aatun  of  the  ouirent,  all  the  paiticlts 
of  hydrogen  should  be  removed  one  pUce  to  the  right,  or  all  the 
particles  of  osjgen  one  place  to  the  left  Tl  at  is,  the  electrolj  sis 
of  every  particle  of  water  in  the  track  of  tho  CJnent  has  taLcn 
place,  but  the  immediate  reunion  ot  all  tho  jartitlcs  has  followed, 
except  the  extreme  particle  of  oxy^jCn,  on  the  one  hind,  and  the 
extreme  hydrogen  on  the  other 

The  osjgen  and  hydrogen  thus  libtrated,  at  once  mahe  their 
escape;  and  the  continued  action  of  the  current  prolini.s  a  like 
effect  on  other  particles  of  water  until  the  action  cetses  or  all  thu 
water  is  decomposed. 

116.  The  quantity  of  eleetrlcity  reqmrod  to  effeot  the  decomposition 
of  !iny  compound  is  probably  always  the  same,  oa  would  be  shown  if  wo 
had  means  to  measure  it  CLCcurately;  anil  tlie  relative  quantities  of 
several  alectrolites  decomposed  by  a  given  qaaoUty  of  electricity  will  be 
represented  by  the  combining  numbers  of  these  compounds.  We  sliall 
hereafter  have  occasion  to  allude  to  this  point  again,  in  connection  with 
the  subject  of  combining  proportions  or  equivalents, 

116.  Electro-Metallurgy  is  the  name  applied  to  the  deposition 
of  the  metals  from  th  '  mp  J  f  th  h  m'  1  ageocy  of 
the  galvanic  curren  (  '^  )        describing 

Daniel's  battery,  th  h  taut  depo- 

sition of  metallic  o  p  Now,  if,  for 

the  oopper  plate  in  m  dal  ,  or  other 

conducting  body  be      b  p  pper  upon 

it  will  take  place  i      h  d  note  pecn- 
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Harities  will  be  copied.     An  apparatus  of  tbis  kinci,  called  the 
^        fig         be  ow. 

A.  g  ass  vessel  is  partlj  filled  with  a  saturated 

n  of  blue  vitriol,  and  in  tbis  is  placed  a 

p  ve*  el    eontd  a  ng  d  I  t     si  pi  u       acid, 

0 1  of  z  no  Z  1  a      g  a  b    1    g       ew  at 

p         1  0  medal    r  co  n  to  be  c  p  ed    s  then 

up    dd    ntlevtol  solu  on  by  me  ns  of  a 

w       n  e  ted  11  tbe  b  nd  ng  fccr  w      Tbe  b  iface 

Ii     niedal  on  wh   b  tl  e  co(  pe     3  to  1  e  dc- 

p        d    Iio  1 1  be  perfectly  cl  an   and  the  other 

sbouli  be  p  0  eo  ed  Ij  a     o  t  of,  of  was 

1       In   he  iigur      womeiKla   BI  M,  are 

pp      d  to  be  e  n  e  ted  at  the  sa    eta    with 

h 

d  n  he  lb  ve  to  use  a  e^-u  a  Smee'a 
Vine  t  ol  Bolu  oa  n  a  ep  e  ves- 
sel TS  Q  the  a  ex  \  figure. 
Ihen  let  tie  a  t  le  t  bo 
cop  cd  A  !  e  oonnec  d  with 
b  z  of  the  h  te  nd  a 
p  f     oppe      C     w   h    the 

bo  h    be    J,     us|    idtd, 
a      tie    1  stance  f  o  n  each 
h        n   the       r  ol  a  1  tioti. 
Fj  a    oa  of  thf  \'i  levy, 

b    p     e  of  copper  w  II  bo  gva. 
p  B  t  of  metall  o    opper 


IIT.  Other  ffietuls  besides  copper  may  be  deposited  in  this  mannei 
but  a  battery  of  several  cells  is  in  most  onses  required.  The  most  iii^ 
portaut  application  thnt  has  beeu  made  of  this  discovery  is  in  depositiii 
BJlTer  and  gold  in  thin  laminge  upon  other  metals,  called  plaljng  or  gild 
ing.  Fortius  pni-poae  a  Daniel's  or  Suiee's  battery  of  about  four  cell 
answers  well,  and  a  fifth,  wliich  is  called  the  depositing  cell.     This  i 


s. ^Describe  tlie  apparatus  called  the  elfdrolypi:. 
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filled  nith  a  solutioti  of  cjaaide  of  potsaeium,  and  UEcd  in  tbe  same 
manner  bb  just  deaoribed  for  obtaining  a  deposit  of  ooppei,  except  tbat 
silver  or  golii  must  be  used  inatend  of  tbe  oopper,  C,  aoooiJing  as  ono 
oc  the  otbcr  of  these  mctala  is  to  be  precipitated. 


ELECTKO-MAGN  EX  ISM. 

118  Hatuial  Magnet,  or  loadstone  —  ^mougtho  oiesof  imn, 
pieces  are  otten  tciund  wliieh  possess  the  projeiij  cf  dttracting  ind 
rttaiaiag  pieces  of  iron  or  steel  with  more  oi  lesa  force,  and  are 
culled  moynHs  or  luaJsloiH  Eich  magnet  always  has  two  poiDts 
luwhi^h  the  attnctue  force  appeals  to  be  concent! ited,  ishich 
are  called  the  pu?{.»  Thej  ire  ftlwajs  readily  found  hy  rolling 
the  magnet  in  iron  film§s,  which  will  be  collected  more  at  these 
points  than  in  other  places  Greue 
I  lUj  they  are  nearly  opposite  to  C'ich 
other  (See  figure  )  If  a  magnet 
IS  broken  into  sever^l  p  eces,  eich 
always  rebms   the   sime   magneti 

propeities  a3  the  whole  maaa,  lut  in  le^s  le^reo      '^uiaetimLs  a 
magnet  his  more  than  two  poles 

119  If  a  mn^net  be  suspended  horizontallT  by  a  tljre<id,  or 
placed  u[on  a  piece  of  cork  floating  in  a  vessel  of  water,  one  of 
the  poles  will  turn  towards  the  noith,  and  13  hence  called  the 
i7oi//i  polp,  and  the  other  towaida  the  stutb,  and  is  called  the 
i<  uth  pole 

If  two  magnets  thus  suspended  are  brought  neai  eich  cthei,  it 
will  he  found  that  like  poles  repel  each  other,  but  unhke  poles 
attiact  These  attractions  ind  lejjulsiona  extend  tD  some  dis- 
tance, and  ire  not  affected  by  the  inteipisition  ot  cthi,i  bodes, 
not  capable  nf  becoming  magnctie  This  may  ei''  ly  be  shown 
by  interposing  a  pane  of  glass,  or  phte  of  copper,  or  1  thin  piece 

Questions— 118  l^hat  is  tbe  natural  magnet  or  hadstoi  >  What 
are  tbe  poles'  Wbat  is  the  eftei,t  it  the  magi  et  be  br  ken  in  seienl 
pieces'  119  What  ig  tie  noitb  pole'  What  He  south  ptie  Wlien 
two  niagi  efs  fieely  ■'dsi  ended  aie  brought  neu  each  otliti  ishat  is 
obseive)  of  hlte,  and  nbat  of  mlike  poUs? 
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of  wood  between  the  two  magneta,  when  it  will  be  aean  that  the 
action  of  the  magnets  upon  each  otlior  is  the  same  as  before,  and 
does  not  even  suffer  diminution  by  the  interposed  substanoe,  except 
as  the  dialance  between  them  is  increased. 

120.  Magnets  and  Biamagneta. — It  Las  of  late  been  very 
satisfactonly  determined  that  all  substances  may  be  diyided  into 
two  classes, — (he  magnefic  and  the  dinmai^iutic.  To  the  first 
class  belong  all  substances  which,  like  iron,  nickel  and  oobiilt, 
are  attracted  by  either  pole  of  a  magnet  when  presented  near 
them;  and  when  shaped  into  bars  and  free  to  move  (as  \,\ic-a 
suspended  by  a  thread  in  the  centre)  in  the  vicinity  of  a  magnet, 
they  arrange  themselves  in  the  direction -of  a  line  uniting  its 
poles.  Two  bar  magnets  be?t  illus- 
trate this  property;  when  in  the 
MflgaetB.  vicinity  of  each  other,  anj  free  to 

y  take  the  posiEion  indicated  in  the  figure. 

The  substances  already  named  are  the  only  ones  that  possess 
this  property  in  any  considerable  degree ;  but  others  have  recently 
been  added  to  the  list,  as  manganese,  chromium,  titanium,  palla- 
dium, platinum,  oxygen  gas,  &e.,  in  which  the  magnetic  property 
is  manifested  only  when  a  powerful  magnet  is  used. 

Diamugnefic  substances  arc  such  as  are  repelled  by  either  pole 

!of  a  magnet,  and  when  made  into 
the  form  of  bars  and  free  to  move, 
in  the  vicinity  of  the  poles  of  a 
I'ET  ^  ^  ^g  magnet,  arrange  themselves  at  right 
angles  to  a  lice  uniting  its  poles. 
This  relative  position  of  the  magnet 
and  diamagnetic  bar  is  shown  in  the 
accompanying  figure. 
This  diamagnetic  property  is  manifested  more  powerfully  by 
bismuth  than  by  any  other  substance,  but  phosphorus,  antimony, 
zinc,  tin,  sodium,  mercury,  copper,  gold,  glass,  ether,  alcohol,  and 
many  other  bodies,  are  similarly  affected.  The  experiment  can 
only  be  shown  by  using  very  powerful  magnets. 

Question.— 120.  Into  Tvliat  two  classes  may  all  substancpshe  diviileil! 
How  do  magnetic  aubstanoes  arrange  tliemseWes  wlien  brought  into  the 
vicinitj'  of  a  raaynet?    Ho^^do  diamflgi^tic  substances? 
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121,  Magnetic  laduotion. — When  either  polu  of  a  magnet  is 
bi'ouglit  in  cocitaot  with  a  piece  of  soft  iron,  or  only  very  near  it, 
the  iron  itself  becomes  magnetic,  and  remains  so  until  the  magnet 
is  removed.  The  figure  following  ropresenta  several  pieces  of 
iron,  placed  in  different  positions  near  the  poles  of  a  magnet;  on 
esamination,  they  will  all  be  found  to  have  the  magnetic  property, 
their  poles  being  developed  as  indicated  by  the  letters  N  and  S. 


of  iron,  which  exteadi 
d  ts  'ndu  tiee  iiifiiini.  e 
T  fl  rful  mignet  to  i 

or  eien  through 
f       )  m  elves  o^pable  of 

hich  IS  attn,cted 

m  ly  fiist  rendeied 

m  rai-tion  follows  as 

B  piece,  IS  a  mil, 

g  ■will  act  m  like 

third,  and  so  on , 

aftei  annthei,  as 

h  B  be  found,  nhtn 

m  roken,  the  pieee'! 

of  iron  instantly  lose  their  magnetism,  and  fall  asunder 

122.  Pieces  of  hardened  steel  will  also  he  affected  in 
a  similar  manner,  but  much  less  readily,  ind,  unlilve  Ie 

QrESTioNS.  —121.  "What  is  the  effect  whan  Bilhci  pole  of  a  ma 
bruught  near  a  pieoa  of  soft  iron?  What  is  nieint  by  raagnetn, 
tion!     Why  is  a  pieoe  of  aoft  iron  attracted  bj  a  magnet? 
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iron_,  they  retiiio  the  magnetism  that  has  been  ioduced.  They 
therefore  become  permanently  magnetic,  and  for  nearly  every 
purpose  are  superior  to  the  natural  magnet,  and  may  be  denomi- 
nated artificial  magnets.  The  same  magnet  may  bo  used  suc- 
cessively to  magnetiae  any  cumber  of  steel  bars,  without  losing 
any  of  its  virtue;  from  which  it  follows  that  the  magnet  oomniu- 
nicates  nothing  to  them,  but  only  by  its  influence  developes  soins 
hidden  principle  already  there.  Artificial  magnets  are  frequentlj 
made  in  the  form  of  the  horse-shoe,  and  are  called  borso-sboe 
magnets.  To  the  poles  a  short  piece  of  soft  iron  is  usually 
accurately  fitted,  called  the  armature  or  keeper, 

123.  The  Magnetic  Needle— Dipping  Needle.— A  slender  bar 
of  magnetized  steel,  suspended  upon  a  pivot,  so  as  to  revolve 
fi'ccly,  constitutes  the  magnetic  needle.  Sometimes  it  is  aftaclicd 
to  a  circular  card,  and  suspended  upon  a  pivot,  as  in  the  mariner's 
compass. 

124.  If  a  steel  bar  be  suspended  by  its  centre  of  gravity,  and 
afterwards  carefully  magnetized,  it  will  be  found  not  only  to  place 
itself  in  the  magnetic  meridian,  but  to  assume  a  position  inclined 
to  the  horizon.  In  northern  latitudes,  the  north  pole  will  be 
depressed  and  the  south  pole  elevated,  while  in  southern  latitudes 
the  south  pole  will  be  depressed.  The  angle  of  inclination  is 
generally  nearly  the  same  in  the  same  place,  and  is  called  the 
dip  of  tire  needle;  and  a  needle  nicelj  balanced  and  adjusted  for 
showing  tho  dip  is  called  a  dipping  needle. 

The  dip  of  the  needle  is  subject  to  considerable  varj^ition,  bnt  at  the 
present  time  it  is,  at  Baltimore,  abont  71°  30';  at  Philadelphia,  72°  15'; 
at  New  York,  73°;  otMiddletown,  Conn,,  78°  80';  and  at  Boston,  74°  24. 

The  mngcetio  needle  does  not  always  point  to  the  tine  north  and  south, 
liut  deviatea  more  or  less  from  Una  position  atdiffeient  tiniea  and  ploaes. 
This  is  oalled  its  iarialian  At  Philadelphia  m  1840,  the  vaimtion  was 
fi°  52'  ¥.,  and  at  Middletown,  Conn  ,  about  6°  40 

125.  Terrestrial  BlagnetiBm  —  The  caith  may  be  considered 
as  a  great  natural  migoLt,  which,  by  its  action  on  the  needle,  in 
the  same  manner  as  any  other  magnet,  causes  it  to  place  itself  in 

QuESTiOHS. — 122  May  magnetism  be  induoed  m  pieces  of  iempartd 
steel  I  What  are  nrtjjJeinimojnBjs'  1^8  What  constitutes  the  niJOJifW 
ncedls^  124.  What  is  a  dip}nng  needle}  125  What  may  the  caith  he 
considered  ? 
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tli3  position  of  aorlh  and  south.  Indeed,  it  is  by  the  inductive 
influence  of  the  earth  that  magnetism  is  developed  in  bodies  upon 
its  surface.  This  is  shown  in  bars  of  iron  or  steel  that  have  stood 
long  in  a  vertical  position,  which  are  alwajs  found  to  bo  magnetic. 
Tongs  and  pokers,  from  their  being  nsually  kept  in  an  upright 
position,  are  almost  always  found  to  be  magnetic. 

As  it  has  been  agreed  to  call  that  pole  of  the  needle  which 
points  northward,  the  north  pole,  it  is  evident  that  tho  pole  of 
the  earth  situated  north  must  be  a  south  pole;  that  is,  it  must 
possess  southern  polarity.  So,  also,  tho  soiiHi  pole  of  tho  earth 
must  possess  northern  polar ili/. 

126.  delation  between  the  Electric  Current  and  Magnetism. 
— It  has  been  long  known  that  a  discliargo  of  lightning  will  often 
affect  seriously  the  magoetio  needle,  sometimes  reversing  its  poles ; 
but  it  was  not  until  1S19  that  (Epsted  made  hia  famous  discovery, 
which  has  served  as  the  basis  of  the  beautiful  science  of  Electro- 
Magnetism. 

He  first  observed  that  when  the  wire,  connecting  the  electrodes 
of  an  active  galvanic  battery,  is  brought  near  a  magnetic  needle, 
it  is  made  to  deviate  from  its  ordinary  position,  and  assume  a  new 
one,  depending  upon  the  direction  of  the  current  and  the  position 
of  the  wire  iu  regard  to  the  needle.  Thus,  the  needle  being  in 
its  natural  position, — 1st,  if  the  connecting  wire  be  above  the 
needle  and  parallel  to  it,  the  pole  nest  the  negative  electrode  b 
move  westward;  2d,  if  the  n 
beneath  the  needle,  it  will  move  east- 
ward; 3d,  if  the  wire  is  on  the  west 
side,  this  pole  will  be  depressed ;  and, 
4th,  if  it  be  on  the  east  side,  it  will 
be  elevated.  The  figure  in  the  margin 
indicates  the  motion  that  will  be  pro- 
duced in  the  first  of  the  above  cases.  Cun-eui  aim  Needle. 

If  the  wire  be  placed  under  the  needle,  and  the  current  made 


Questions. — Why  do  tongs  and  pokers  become  mngnetic  by  sliimKng 
in  a  vertical  position?  What  is  sdd  of  the  north  and  south  poles  of  tho 
earth?  126.  What  was  the  fnct  first  obsBrred  by  (Ersted  as  regarils  the 
vfire  conducting  a  galvanic  current  and  a  niaguet ! 
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to  pass  friiTi:  iiovtU  to 

same  as  iiiJicated  in  t 

It  foUowa,  therefor. 


mth,  tlic  mrrtion  of  tie  iiewllo  will  be  the 


f  the  wire  be  bent  around  tbe  needle,  in 
the  furm  of  a  rectangle,  so  as  to 
^  .^  convey  the  current  in  one  direction 
above  the  needle,  and  back  again,  in 
the  opposite  direction  beneath  it, 
bolh  parts  will  conspire  to  prodm'P 
the  same  effect,  and  the  motion  of 
the  needle  will  bo  much  increased. 
Such  an  arrangement  is  represented 
in  the  anncscd  figure. 
In  all  these  cateK,  ihe  ten<lencj  of  the  needle  is  lo  settle 
directly  across  the  wire,  or  at  light  angles  to  the  direction  of 
the  cunent,  while  the  influence  of  the  saith  is  exerted  to  bring 
it  ■  'ts  fl  at  pos't'o  parallel  w'th  the  w're  ppos'n^  the  esperi 
ment  lo  be  com  uen  elw  h  tie  needle  s  natu    1  post  on 

The  pos    on  t  w  11  ul  mately  take  w  1  the  efore  be  ntermed  ate 
between  these  two 


127    To  Bvo  d  ihe  d  r. 


of    wo 


oce  of  the  ear  b  upon  the 

Tins   bl  )  needle  has 

needle      of      a  Jj  eq  al 


e  e  ed  n  rofe  en  e  to  each  o  he  and 
ipended  by  a  tLread,  as  shown  la  the 
One  of  the  needles  beins;  a  little 
more  highly  magnetized  than  the  other,  or 
a  little  krger,  they  will  have  a  slight  ten- 
dency to  settle  in  the  meridian.  If,  now,  a 
wire  is  bent  several  times  aronnd  the  lower 
coil  being  coated  with  some  insulating  sub- 
■rent  is  passed  around  it,  its  influence  on 
to  turn  them  in  the  same  direction;  and  the 


bat  is  tlie  effect  if  tba  wire  is  bent  around  s 
pnss  several  times  around  tlie  neadle  ?  What  is  tha  real  te 
of  the  needle?      127.  What  is  the  aslalit  imdlcf     Deeoriha  i 
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ca?e  we  aiP  to  eon-.idei  the  two  cii  en  in  stances, — First,  tbe  motion 
the  pole  tends  tu  imke,  ind  Secondly,  the  motion  of  whioh.  the 
needle  h  6ii?ocpliblo  Upon  these  two  conditioaa  pUmlj  will 
depend  the  actual  motioa  that  will  lesult 


129  In  order  easily  to  lemen 
*ill  tend  to  make  in  an\  givi.a 
[let  w?  suppose  the  conducting 


ber  the  piitieular  mrtion  a  pole 
nse,  take  the  follnwiug  pximple 
Wire  to  he  placed  in  a  vertieal 
osition,  and  the  current  of  posi- 
tive eleitiicity  to  be  de'iLi'nding 
through  if,  the  tendency  of  a  north 
pole  in  the  vicinity  of  the  wire 
will  he  to  move  around  it  in  a  hori- 
zoatul  circle  in  the  direction  indi- 


glveu  case,  whnt  two  things  are  to  be  considered!  129.  When  tlie  cur- 
rent ia  deEcending  perpendicularly,  ishat  will  lie  the  tendency  of  Ihe 
north  pole  of  a  needle  in  tie  vicinity  of  the  wire! 
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Cti  of  a  pole  around  a  fired  v 
L  fised  pole,  may  be 


130  Bilh  the  revol 
re\olutioii  ot  a  wiro  iro 
apparatus,  1  sectj  n  of 
whii-h  i"  seen  m  tte  cut 
m  Ihe  maioia 
U  aie  Iwo  gliss  Tes&eh, 
filled  nearly  to  the  top 
Willi  niorcuij  \.  wire, 
supported  bj  t  p  liar  be 
livten  the  yehseh,  1 
one  end  bent  doiva  so 
ia  to  dip  into  the  mer 
cuij  m  A,  and  the  Other 
end  la  bent  into  a  hook, 
on  which  a.  short  piece 
of  wire  ia  suspended,  so  that  its  lower  end  shall  also  d  p  into  tl  e 
mercury  in  the  vessol  B.  Conducting  wiies  pass  through  the 
bottoms  of  both  vessels,  with  binding  screws,  0  and  D,  to  connect 
them  with  the  poles  of  the  battery;  and  to  that  in  A,  a  small 
mngtiet  is  attached  by  a  thread,  so  that  one  of  its  poles  may  be  n 
little  above  tho  surface  of  the  mercury;  and  in  the  vessel  E 
aoothev  small  magnet  is  firmly  fised,  with  one  pole  a  little  above 
the  meronry.  When  the  current  is  passed  through  this  apparatus, 
as  indicated  by  the  arrows,  the  upper  pole  of  the  magnet  in  A 
will  revolve  slowly  around  the  conducting  wire,  and  the  free  con- 
ducting wire  suspended  in  B  will  revolve  around  the  fised  pole 


131.  Farther  Experiments  illustrating  the  Eelation  of  the 
Magnet  and  a  Galvanic  Current. — Esperiments  to  illustrate  the 
relation  of  a  oiirreot  and  the  magnet  may  be  multiplied  almost 
indefinitely. 

De  la  Rive's  Sinff  is  a  very  beautiful  contrivance  to  show  the 
influence  of  a  raaguetio  pole  upon  a  conducting  wire  capable  of 
motion.     A  copper  wire  is  bent  into  a  ciiole  about  an  inch  in 


up;-!,! 


s  fii!ured  i: 


ai-anr.ipli 
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diameter,  itid  thf  two  ends  passed  through  a  piece  of  wood  or 
_^  corli,  and  BJldered,  one  to  a  blip  cf 

^~^  —^    zmc,  Z,  and  the  other  to  a  slip  of 

copppr,  C  If,  now,  it  be  jheecl  in 
a  bowl  of  water  containing  ■»  littlo 
aoid,  a  ouirent  of  elcctiieity  will  cir 
cul  ite  along  the  wire,  la  the  diieclion 
of  thearrovis,  and  if  a  birinaj,nct 
be  ^lought  neir  it,  it  wiU  be  attraote  1 
ne  pole  oi  the  other  of  the  magnet  is 
"  "  1  the  figure,  if  the  north  pole 
1  to  it,  it  will  be  attracted ;  the  south 
a  a  little  time  it  will  turn  around,  and 
0  be  attracted.  We  may,  therefore,  properly  regai-d  it  aa 
agnet,  having  its  two  poles  in  the  centre  of  the  circle,  the 
)ne  side,  and  the  otter  on  the  other;  the  south  pole  being 
ace  on  which,  when  held  before  you,  the  positive  cur- 
a  the  direction  of  the  hands  of  a  watch.  The  apparatus 
will  he  more  powerful  if  the  conduoting  wire,  covered  with  silk, 
to  prevent  lateral  com mnni cation,  be  formed  into  several  circles 
of  tiie  same  diameter,  on  the  principle  of  the  multiplier. 

132.  But  what  are  the  forces  that  have  produced  these  special 
movements?  Oiving  our  attention  for  the  present  only  to  the 
part  of  the  current  upward  on  one  side  of  the  ring  and  downward 
on  the  other,  we  have  seen  (129)  that  (he  downward  current  tends 
to  revolve  around  the  north  pole  of  a  needle  in  the  direction  of 
the  hands  of  a  watch,  and  the  upward  current  in  the  opposite 
direction ;  let  these  facts  be  kept  in  mind  while  the  eye  rests  upon 
the  figure,  and  it  is  plain  that  the  efiect  must  be  to  cause  the  ring 
to  approach  the  pole,  or  apparent  attraction  ensues.  If,  now,  the 
magnet  be  suddenly  removed,  and  the  south  pole  presented,  in 
accordance  with  the  same  laws,  the  ring  recedes,  turns  around, 
and  again  approaches  the  pole  ! 


or  repelled,  acec 

presented  to  it. 

of  the  magnet 

polo  will  first  repel  it,  but 

will  thf 


in  that  fi' 


i   De 


\   Itiiig,   and  tho  n 
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133  Tht  galmno 
N  and  S  are  the  noilh  and  south  poli 
perminent  hnr^e  shoe  magaet    supported  upon 
&  sl^nd ,    ID  1  hbtweea  them,  lu  a  Email  glass 
tube,  IS  A  'tnp  of  gold  leaf,  connected  at  top 
and  bottom  wSlh  binding  screws,  as  shown  m 
the  figure      Now  when  the  current  la  pa^^ed 
tbiouph  the  gold  leaf  it  it.  made  to 
Bide  0!  the  other  aocoidiog  as  th*  motion  of  the 
current  is  upwiid  or  downward 
ate  situated  lu  the  figure  if  the  direction  of  the 
current  is  downwaid,  the  cunmg  or  00Q\esiiy 
of  the  geld  kaf  will  be  upwai  \  fiom  the  plane 
of  the  paper,  but  if  the  current  is  upward  the 
atiip  of  jjOld  leaf  will  be  conves  in  tbo  ofpohite 
direction,  oi  bickward  liom  the  phae  of  the 

134  Thi.  Ruohmj  S/»»  n/j  /  t 
made  to  revoI\e  by  the 
action  of  a  magnet  upcn 
the  galvanic  omrent  \. 
wheel  W  made  of  sheet 
brass  is  supported  in 
such  a  manuei  thU  its 
rays  touch  m  i  gloVule 
ot  mercury  in  the  b  se 
beneath,  fiom  which  a 
conceded  wire  extends 
to  the  bin  ling  screw  i 
the  other  binding  sci  w    ^      ' 

B   being  connected    ju   I  _^. 

liLe    mjuner,   ivith    the  u 

Wire  il  which  luppirK  the  wheel      N^l 


iU,d  by    the   next   figure 


volving  spur  whee 


■9.— 133.    Deai 


e  the 
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tbat  its  poles  shall  be  as  nearly  as  possible  one  on  eath  siile  of 
the  ray  of  the  wheel-  which  for  the  time  is  in  ooDtact  with  the 
meroury.  When  the  poJes  of  the  galvanic  battery  ore  conaeoted 
with  thfi  binding  screws,  a  ray  of  the  wheel  beicg  in  eoatact  with 
the  globule  of  mercary,  the  current  passes  through  it,  and  the 
wheel  is  made  to  revolve  on  ifa  asis.  A  permanent  magnet  may 
be  used,  or  an  electro- magnet,  as  represented  in  the  figure  fp.  121). 

135.  Selation  of  Current  to  the  Earth's  Slagnetiein. — The 
ring  described  ia  paragraph  131  is  acted  upon  by  the  earth's 
magnetism  precisely  in  the.  same  manner  as  by  the  magnet,  only 
that  the  influence  is  less  in  degiee:  In  order  (hat  it  may  be  made 
to  move  by  the  migneti^m  of  Ihe  earth,  it  is  only  necessary  that 
it  should  be  enlaiged  •^ufliuenfly,  and  s  powerful  current  passed 
The  folic  wiug  niotlificalion  of  it  answers  a  good 

Let  A  and  B  be  two 
metallic  pillars,  insulated 
fiom  each  other,  provided 
each  with  a  horizootal  arm 
termmating  in  a  small  cnp 
filled  with  mercury  and 
connect  el  it  the  bottom 
with  bmding  screws  Let 
a  ring  II  of  coj.per  wire 
8  or  10  jnchts  HI  dnmeter, 
be  'suspended  ly  tie  ends 
of  tbi,  wne  from  the  cups 
of  n  eicuiy  and  the  jolcs 
of  the  batteiy  connecte  1 
witl  the  bin  1  ng  sc  ew  — the  curreat  will  pass  around  the  circle 
of  wna  wh  oh  by  the  nfluenoe  of  the  earth's  magnetism,  will  be 
m  de  to  m  ve  unt  1  at  length  it  will  take  a  position  with  its  piano 
at  r  ght  jng  Ls  to  the  meridian.  Supposing  the  direction  of  the 
current  to  be  as  indicated  by  the  arrows,  and  recollecting  that  the 


s'3.— 135.  Does  the 


lilt  uivi.iia  mognotism  act  upoc 
igdet?     Describe  the 
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iiortli  prfe  of  the  earth  really  possesBes  Boutliern  (125)  polarity, 
Ictt  the  intelligent  student  deiermine  which  side  of  the  cirole  of 
wire  will  settle  to  tlie  east  and  which  to  the  west ! 

It  may  afford  some  aid  to  reflect  that  the  action  on  the  circle 


ofw 


I  be  the 
1  them 


3  if  it  y 


e  squar 


it  appears 
tliere  are  four  parts  conveying  the  current, 
(wo  OB  which  its  motion  is  horizontal  in  oppo- 
site directions  and  on  the  same  side  of  the 
point  of  support.  The  influence  of  these  is 
lost  and  may  not  therefore  be  further  con- 
sidered. On  the  other  two  parts  the  motion 
of  the  current  is  in  opposite  directions, — 
being  on  one  upward  and  on  the  other  dowa-  upward  and  Downward 
ward — and  on  opposite  sides  of  the  point  of  Cunoat. 

support.  Now  the  tendency  of  the  part  oonveying  the  upward 
i^AUTont  will  be  to  revolve  round  the  north  pole  of  the  earth  in 
one  direction,  and  of  the  part  coaveying  the  downward  current  to 
revolve  around  this  pole  in  the  opposite  direction;  considering 
then  the  mode  in  which  the  wire  is  suspended,  it  is  plain  that  the 
tendency  of  the  circle  of  wire  will  be  to  settle  with  its  plane  due 
oast  and  west,  or  at  right  angles  to  the  meridian.  If,  then,  before 
passing  the  current,  the  plane  of  the  circle  of  wire  is  placed  in  the 
meridian  when  the  current  is  made  to  pass  it  will  turn  on  its 
points  of  support  until  it  takes  a  position  at  right  angles  to  the 
meridian.  In  every  case,  Iha  side  of  the  cii-cle  conveying  the 
downward  current  will  move  towards  the  east,  and  the  other  side 
of  course  towards  the  west. 

The  same  movement  will  be  produced  if  the  wire  conveying  the 
current  is  bent  several  times  around,  as  represented  in  the  first  figure 
on  the  next  page,  and  supported  by  its  two  ends  resting  in  cups 
(if  mercury,  with  which  tlie  two  poles  of  the  battery  are  to  be 
connected  by  binding  screws  not  represented  in  the  figure.  The 
influence  of  each  coil  conspires  to  produce  the  same  effect,  and 
therefore  (he  motions  described  will  be  more  readily  produced. 

Questions. — Explain  the  reasons  for  the  motions  which  are  pro'luced 
by  the  earth's  mngnelism,  as  iilustratcd  by  tlie  preceding  flgme,  and  tLlau 
tha  two  figures  ou  the  nest  page. 
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But  H  h  not  necensarj'  tliat  tbe  dif- 
ferent coils  of  the  wire  should  lie  in  the 
same  plane,  the  result  being  the  Bame 
if  it  is  wound  in  the  foi-m  of  a  helix, 


Cq 


hehs  tLen  truly  rep  e 
Y  holdiag  either  pole  of  a 


a  rej  efeentecl  the  nest  figurCj  the 
senting  a  har  magnet,  as  will  be  fouud  b 
Blague t  near  either  end. 

By  examining  the  directioo  of  the  cuixent  in  this  heliz,  con- 
siderinn  it  as  a  bar  magnet,  it  will  be  found  that  is  (he  south  pile 
ill  which  (when  it  is  hell  up  befure  the  eje)  the  cnrient  is  moving 
in  the  direction  of  the  h'inds  of  i  watch  It  is  scarcely  neces'taiy 
to  remark  that,  la  the  olher  pole,  thi,  direction  of  the  current  is 
the  reverse  of  tl  ib 

136.  Induction  of  Kagnetism  by  a  Ciuient — Magnetum  n 
iadm,ed  in  a  bar  of  soft  iron  by  the  simple 
passige  of  a  current  near  it  m  a  direction  at 
light  angKa  t)  the  bar  Thus,  if  WI  be  the 
^^  conductiE"  wire  and  H  S  a  small  piece  of  uon 
J  nj,    nd      h    w       wh       he   u     n       pa 


but  if  t  e  c 
But,  f 


u    \  b    og  a 
1  h  n  the  oi 

s       11   I    oW 


nd  S  a 
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8  broken,  the  iioi 


placing  the  iron  iu  a  lielis 

current  lieing  then  made  to 

pass  ia  the  direction  of  the 

arrows,    tiie     iron    becomes 

strongly  magnatiii,  with   its 

pdles  as  ahowQ  by  the  letters 

N  and  S.     The  cups  P  and 

N  serve  to  connect  it  with 

the  battery.     When  the  cuixeut  is 

to  be  maguetio ;  hut  if  a  piece  of  hardened  steel  be  s 

for  the  iron,  it  retains  its  magnetism  permanently 

A  magnet  formed  in  this  manner,  by  tbe  pas'0!,e  of  a 
of  electricity  aiound  it,  ia  very  properly  termed  aa 
I'leclro-magnet.  Magnets  of  thia  kind  have  some 
times  been  made  of  snffioieat  streagth  to  sustain  a 
weight  of  2000  or  even  3000  pounds.  For  this  par 
pose,  a  bar  of  iron  of  considerable  siae  is  bent  ia  the 
form  of  a  horse-shoe,  and  the  conducting  wire  made 
to  pass  many  times  around  it,  as  i-epresented  ia  the 
figure.  Au  armature  of  soft  iron  (122)  ia  attacl  ed 
to  the  poles,  as  with  the  common  magnet,  from  wh  ch 
the  weights  are  snspGnded.  As  Bfa.tcd  above,  when  the 
electricity  is  interrupted,  tlie  magnetism  will  be  im- 
mediately destroyed,  and  the  weights  drop  off. 

137,  T!ie  Magic  Circle,  as  it  has  been  termed, 
possesses  too  much  interest  to  be  here  omitted, 
though  no  nftw  principle  is  developed  by  its  action. 
Two  semi-ci'cles,  A  and  B,  sre  made  of  a  stout  bar 
of  soft  iron,  and  well  fitted  together,  so  as  to  form 
a  circle,  C,  and  juclnde  a  small  helii  of  wire,  11, 
the  two  ends  of  which  are  to  be  connected  with  the 
electrodes  of  a  small  but  active  battery.  While  the 
current  is  passing,  the  semi-circles  are  made  powcr- 
fnlly  magnelie,  and  will  adhere  with  a  force  which 
is  capable  of  sustidijing  a  weight  of  many  pounds. 


e  the  ina^ic  circle. 


tated 
current 
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The  wire  need  in  all  these  arrangenients  is  supposed  to  bo  wound 
with  Bome  insulating  substance,  as  silk  or  cotton,  to  prevent  the 
eoataot  of  tlieeeparatecoils,  whioh  would  permit  a  lateral  discharge 
of  the  curvaat,  bo  that  it  would  not  pass  around  the  whole  length 
of  the  wire. 

138,  To  form  an  effective  electro-inngnet,  the  total  length  of 
copper  wire  intended  to  he  used  is  cut  into  several  portious,  edch 
of  whioh,  covered  with  thread,  is  coiled  separately  on  the  iron. 
The  ends  of  all  the  wires  are  then  collected  into  separate  parcels, 
and  are  mnde  to  communicate  with  the  same  battery,  tailing  care 
that  the  positive  cun^nt  shall  pass  along  eacii  wire  ia  the  same 
direction.  The  current  is  thus  divided  into  n  number  of  branches, 
and  has  only  a  short  passage  from  one  end  of  the  battery  to  the 
other,  though  it  gives  energy  to  a  multitude  of  coils.  This  was 
first  made  known  by  Prof.  Henry,  now  Secretary  of  the  Smith- 
sonian Institution. 

139.  HagEstiem  of  the  Earth.— We  have  seen  above  (125) 
that  tlio  earth  may  be  considered  as  a  great  mngnet,  having  its 
Bouth  pole  Bouiewhere  near  its  north  geographical  pole,  and  its 
north  pole  near  its  south  geographical  pole;  and  it  has  been  sug- 
gested that  this  may  be  occasioned  by  currents  of  electricity  flow- 
ing around  it,  beneath  its  surface,  from  east  to  west,  or  iu  the 
direction  opposite  to  that  of  its  motion  on  its  axis.  Indeed,  it  has 
even  been  suggested  that  these  currents  may  have  their  origin  in 
the  heating  influence  of  the  sun's  rays,  as  suceessive  portions  of 
the  earth's  surface  eome  under  their  infiuence  by  Its  daily  motion ; 

but  this  is  to  be  regarded  as  only  plausible 

conjecture.     That  the  needle  would  be  in- 

lenced  by  siith  a  current,  precisely  as  it 

really  i=  at  difiei'ent  points  of  the  eartlj's 

myb      hwnb     wdga 

d  w  ra       n  d    h 

to  mm       eh      nd  p 


Qou-ooiiiluctiiig  BubatancB?     188.  What  is  snid  of  the  total  length 
a  used  for  this  purpose?     ISO.  What  is  eaid  of  the  enrtb  in  refer- 

0  (Lis  subject;     How  may  tlie  niagneliam  of  the  earth  be  OCCH- 

1  Describe  the  Hguie  in  this  paragraph. 
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iall  needle  iriU  uniformly  settle  in  the 


figure  (p.  120).     The 

140,  Eleotro-magTietie  Engines. — All  tbe  above  motions,  it 
will  be  observed,  whether  of  the  magnetie  needle  or  of  the  con- 
duciing  wire,  have  been  produced  by  tbe  tangential  foroe;  but 
various  machiaes  have  been  devised,  called  electro-magnetic  c/ifftnes, 
Ini-  producing  motion  by  direct  influeaee  upon  each  otber  of  th. 
unlike  and  like  poles  of  two  or  more  magnets;  one  of  which  a1 
least  must  be  an  electro-magnet. 

The  nest  figare  represents  a  lary  simple  electro- raagne tie  machine, 
n  liicli  by  its  motiots  rings  a  bell  with  considerable  force.  N  and  S  are  th* 
1  ith  and  south  poles  of  a  common  horse- 
tl  OB  magnet,  which  standa  in  a  vertical 
i  isition,  with  Its  poles  downwind  A  is 
1  piacB  of  Boft  iiOQ  vound  with  copper 
wiie  and  filed  npon  a  yertioal  axi'J  o  ai 
I  levolve  TBiy  aooumtely  between  the 
].  lies  of  a  magnet,  and  CC  arc  binding 
ciewa  for  ooanecting  the  wiraa  fiom  the 
g.-vlvanio  battery.  The  estvemities  ot  the 
wire  around  the  magnet  A  connect  with 
CO,  by  means  of  parts  cot  represented  lu 

current  flows  in  the  proper  direction  to 
dovelope  north  polarity  in  the  further  es 
ti-emity  A  as  it  approachaa  the  sonth  pole 
of  the  magnet  9,  and  soath  polarity  in  the 
it  approaches  the  north 


N     b  t 


t  th 


I 


Id  b     h  Id    f  th 


1  is  a  perpetual  screw  which  acts  upon 

teeth  of  a  ratchet  wheel,  and  causes  the  hammer  to  strike  the  bell  B. 
he  machine  may  be  constructed  with  more  than  tiro  magnets,  and  in 
iriety  of  forms,  but  whether  it  will  ever  be  made  practically  usofol 
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141,  Mutual  InSuence  of  Two  Currents,— Two  currenla  movJDg 
[]  the  sacae  direction  in  tbe  vicinity  of  each  other  are  mutually 


attracted,  but  if 


opposite  direotiooa  they  r 

Let  a  hells  of  feleclerwire  be  sns- 
p  adLd  by  the  tup  "in  thnt  the  bot- 
Iftu  may  just  toutb  in  a,  cup  of 
mLT  uiy,  and  let  a  cuireat  from  a 
bittery  be  parsed  through  it.  In 
eonsequenei-  of  the  attractions  be- 
tween the  colli  the  spiial  mill  be 
shjitened,  and  the  lowei  eai  raised 
fiom  the  nieicury  thua  bie  ling  the 
circuit  But  whta  tbe  current  ceases 
the  end  ot  the  -miie  again  fdls  ao  as 
to  touch  (he  uierourj  and  the  cur- 
rent IS  lenewed  with  tbe  "Jame  effects 
tou(,hea  the  uieicuiy  a  brilliant 
direction 


e  y  t  me  the 
j  irk  s  produce  I      Two  omieiits  tberefcre 
attract  each  other 

143  Eleetio  Dynamic  Induction  — \  current  of  electricity 
passing  through  a  oonductoi  in  i  given  diiection  induces  a  cur- 
rent m  the  opposite  direction  lo  a  "second  conductor  situated 
parallel  to  tbe  first  Thus,  let  A  B  be  a  poition  of  a  wire  eon- 
j^^  jj        netting  tbe  poles  of  a  gal- 

■'    '    '  vauic   battery,  and   M  N   a 

-^    portion    of    a   second   wire 
M  JJ      parallel,    and   near  to    the 

aij  urrcu  .  g^^|. . — ^^  ^^^  moment  the 

circuit  is  formed  and  the  current  passes  through  the  first  wire  in 
the  direction  from  -f  to  —  a  secondary  current  is  induced  in  tbe 
second  wire  in  the  opposite  direction.  This  current  is  but  for  an 
instant,  but  ia  renewed  in  the  opposite  direction  when  the  battery 


a  agiim 


braken. 


Questions. — 141.  How  do  two  eiirrenta  moving  in  the  snmc  direction 
alfeot  eaoh  other?  Deacribe  the  experiment  illustrated  in  the  anneied 
Hgure.  142.  How  may  a  current  be  made  to  induou  anothev  curcunt 
culled  a  secondary  current? 
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A.  better  method  to  demonstrate  the  esislance  of  this  secondary 
current  ia  aa  follows :     Let  A  be  a  coil  of  large  copper  wire,  or, 
batter,  of  copper  ribboa,  covered  with 
some  nOB-coD ducting  substance,  and      ^te^.^ 
Laving  binding  screws   attached    to    ^^~^ 
each  end,  to  receive  the  polar  wires      ^^'^ 
tif  the  battery.     Above  tbia  is  placed  \ 

a  CO  1  W  nf  fine  vered  w  re  v  b 
a  me  ail  h  n  le  at  e  h  end  and 
b1  en  the  batt  ry  c  r  ent  s  n'sde  to 
ps  s  throng!  tl  e  lower  cite 
s  condary  cu  rent  w  11  be  ndu  d 
n  the  uppe    CO  1  as  w  1  be  ph  n  y 

d  catod  by  gra  i  ng  the  handles  w  th  the  mo  t  band  Id  this 
c  &e  as  before  the  seconda  y  current  s  duced  at  the  moment 
the  battery  current  establsbel  a  the  d  r  on  opfoaite  that 
iif  the  battery  current  and  again  when  the  battery  curient  ceases 
in  the  same  d  h     I 

The  form  d    h  i      d    b    1  h  I 

seoondaiy  c 

Th    eff  0     f    b      b    k       11  b  d  )-       p  dly  1      L    g 

andlsghb        y  hfU  yfhbk 

be  og  comp  d  by  b      f    j        y 

Ot  the  lb  d  b     b  1     h      b 

eontnghpl       fhb        y  d  Ig 

riLb  aot  Id         fmd  Ighbl  h 

which  the  a        i    y  to  b       d      d  1     f    m  11 

wire,  and  i         mhg  IgbTh  dy 

this  case  is  f  d     U  y  (100)  h        }  y  h 

fact  that  it  can  bo  msde  to  pass  tbiougU  the  sj&tem  ,  but  if  the 
coil  had  been  made  of  a  large  wire,  and  much  shorter  than  it  is, 
the  cuirent  induced  would  have  had  only  a  feeble  intensity,  but 
would  have  been  much  greater  in  quantity.  And,  in  general,  it 
ia  found  that  long  coils  of  small  wire  give  secondary  currents  of 


Questions.— Describe  the  m 

ode  of  obtaining  a,  secondary  curi 

■ent,  as 

illustrated  in  the  nest  figure. 

When   only  is   this   secondary  i 

induced  f    What  ire  the  terms 

used  to  indioiite  these  onrrfliits? 

What 

IS  their  direction  aa  compared  v 

ritli  the  primary  turrent?     What 

is  gaid 

of  the  tno  coils  used  in  Ihls  esf 

>erim«nt! 
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great  iiitenaity,  while,  on  tbo  othf 
quantity  siiort  coils  of  large  wire  oi 
By  arrangemanfs  altof^ther  m 
tional  ooils,  tertiary  currenta  have 
still  higher  orders,  even  up  to  the 
The  following  mode  of  developin 
1     m  th  ]  t    I 


■  Iiaod,  to  obtain  a  current  of 
pquirod. 


r  to  the  above, 
ea  produced  i 


■3  of 


3Dth  0 


iuth. 


'•tiaiy  current  wil!  show 

to  obtain  others  of  still  higher  orders. 

A  lb  1  through  which  the  battery  current  revolves  as 

b  d  B         her  ribbon  coil  in  which  a  secondary  current  is 

d      d  1     dy  explained.     A  third  ribbon  coil,  C,  is  placed 

lid  ,  but  has  its  two  ends  connected  by  means  of 

w        w  h    h      wo  ends  of  the  ribbon  of  the  coil  B,  so  that  tiie 

wh    h  is  induced  in  B  flows  also  in  0.     Above  C  is 

pi      d  y  coil  of  small  wire,  W,  with  metallic  handles 

d  w  h       estremitififl.     Now  when  the  battery  ounent  is 

1 1  h  d        h    coil,  A,  a  secondary  current  is  induced  in  B  and 

1  h        1,  C,  by  which  a  tertiary  current  is  induced  in 

1  W       A     the  secondary  current  flows  in  the  opposite 


^ 


d  rect  on  from  that  of  th  batte  j  curr  n  o  the  tert  a  y  ta 
the  oppoB  te  d  roct  on  f  oi  h  t  of  the  second  j  and  the  s' 
law  holds  go  id  th  o  gh  all  the  se  ea  f  c  e  ts  As  the 
tan  e  f  om   the  battery    nc  the     tr    f,tli     f  the  cu 

^raiually  d  n  nishes 


Questions. — Describe  the  mode  of  obtaining  n  tertiary  oi 
IB  said  of  the  direction  of  the  tertiary  current  as  comparei 
Ihe  secondary  current! 
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143.  Inductian  of  Electricity  by  Magnetism— Magiieto- 
Eleotrioity, — Magneto-eleotricity,  aa  tlie  term  implies,  ia  the 
reverse  of  eiectro-magnetisai.  The  carreut  of  galvanic  eleetricif.j 
circulating  around  a  bar  of  soft  iron,  oonverta  it,  as  we  have  seen, 
into  a  temporary  magnet,  and  renders  a  bar  of  steel  permanently 
magnetic.  Now,  d  priori,  it  would  seein  very  probable  that  a 
magnet  placed  in  the  centre  of  a  helix  or  spiral  of  metallic  wire, 
would  develope  in  it  a  current  of  electricity  This  i"*  found  to 
be  notually  the  ease  1  ut  the  c  irrent  can  be  obser  eJ  o  Ij  at  the 
moment  of  inserting  the  magupt  or  remo\  ing  it 

Tie  dpyelopment  of  el  ctric  ty  by  m^aetism  is  "hown  in  a 
very  s  mple  minner  ly  w  dug  the  m  ddle  of 
the  keejer  or  armature  \B  of  a  jowertul  horse 
shoe  mijrnet  ^ith  copper  wirt  properly  bou  1 
and  bring)!  g  the  twD  cstremitii,s  of  the  wire  i  to 
contact  one  of  which  should  be  flattenei  a  1  t  e 
and  imilgaraated  by  d  ppmg  it  into  a  solut  o  i  t 
nitrate  ot  n  u  u  >  ml  the  other  filed  to  a  p  c  t 
It  now  the  aim'ilire  be  s  iddenly  j-h(,ei  up  n 
the  raigaet  or  remove !  from  it  i  "jpiik  of  elec 
tr  city  will  manifest  itself  every  t  me  at  the  point 
of  contact  C  of  the  two  estiemities  ut  the  w  re    iiiBnoto- 

The  olecfnc   currant  flowi  in  one  direct  on  at  the 
mignetism   is   induce  1   in   the   'oft   iron    enclosed   in    the 
of  wire    and   m   the   othei   direoti  n,   whtn   its   magnotisi 


momtnt 


The  same  thing  ia  accomplished,  but  in  a  niftnner  a  little  clifferent,  by 
the  apparatns  figurod  on  the  nest  page.  Eitemally  a  large  coil  of  fins 
copper  wire  is  seen,  terminating  in  binding  screw«,  to  which  wires  with 
handles,  II,  are  attached,  to  bo  grasped  by  the  hands.  Within  this  is  it 
smaller  coil  of  larger  viira,  the  top  of  which  ia  seen  at  B ;  the  extremities 
of  this  wire  are  soldered  to  the  binding  screws  A  and  D,  the  latter  also 
connecting  with  the  horizontal  bar  E  C.  which  has  an  irregular  anrfaee, 
rEserabling  that  of  a  coarse  file.  Inside  of  the  last  coil  is  a  bundle  of 
small  iron  wires,  W.  Now  uhen  the  wires  from  the  battery  are  con- 
nected with  the  binding  screws  A  and  D,  the  current  circuhiting  in  the 


143,  What  ia  the  term  maijne^o-eleotricitj  used  to  signil 
le  the  method  of  developing  electricity  by  meana  of  a  perman 
;  and  armature.  Describe  the  apparatus  represented  by  tbo  n^ 
and  the  mode  of  asing  it. 
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t  a  destroyed,  induces 
a  current  of  eleotrioifj 
n  be  outer  hetis,  ivLitli 
«  1  be  felt  in  tiia 
h  nils  when  gi'aspiug 
the  han  leu. 

la  produce  the  greats 
est  efto^t,  ihe  current 
from  tl  e  buttery  Eliould 
be  fo  b  ed  aud  broken 
rap  dly  which  ia  accom- 
pi  shed  by  connecting 
one  w  re  with  the  biiid- 


Tbe  above  tgurt*  ri.pre'ienta  a  miihine  of  this  Lind.  Scv 
steel  niigneta,  N'^,  aie  firmly  li\ed  to^ethei  upon  pillars  c 
baso  biard,  aad  in  front  ot  tLo  poles,  an  irmatuie,  A,  in 


Jibe  thi.  mnjnelo  ehclr 
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form  of  tie  letter  U,  haying  its  two  arms  wound  with  2000  or 
3000  feet  of  flue  insulated  wire,  is  made  to  revol-ve  on  an  asis  by 
means  of  the  multiplying  wheel  W.  As  the  armature  is  made 
to  rcTOlve  ia  front  of  the  strong  poles  of  the  fixed  magnets,  mag- 
netism is  induced  iu  it  (121),  currents  of  elootricity  heing  at  the 
same  time  made  to  flow  through  (he  eoila  of  wire  wound  upon  its 
arms,  ia  accordance  with  the  principles  juat  explained,  which  are 
communicated  by  wires,  concealed  under  the  base  board,  to  the  me- 
talliohandlcs,  H,  by  the  wires  0  and  D.  These  currents  being  in  one 
direction  while  the  magnetism  of  the  armature  is  increasing — thut 
is,  during  one  quarter  of  eaoh  revolution — and  in  the  other  direetiou 
while  the  magnetism  is  diminishing,  would  be  scarcely  appreciable 
but  for  a  ooatrivanoo  by  which  it  is  constantly  interrupted  and 
renewed.  This  is  acoompliahed  by  a  toothed  wheel  placed  upon 
the  asis  at  0,  against  which  the  wire  C  constantly  presses,  slip- 
piog  from  tooth  to  tooth  as  the  wheel  is  turned.  At  every  inter- 
ruption of  the  current  a  powerful  shock  is  felt  by  any  one  grasping 
th    h  n  ll 


145   The  Ele  tro  HagRetio  Teleg:raph  — Th  s  is  an  instiu 
m     tl         n     yng      telhgenoe  instmtaneously   by  me t.ns  of  fhp 
g  I                   nt    t     any  distance,  wbeio  metallic  wues  cin  be 

d  d    ndp 

p    ly  m^ulatcd 

W    h             n 

b  ve  (136),  thit  the  cmient,  when  made  to 

p             adp 

f  soft  iron,  renders  them  magnetic  while  the 

wl   nth              t 
f    mdw  h 

but  that  they  lose  their  magnetism  in^itintly 

lerrupted      Usuallr,  the  experiment  is  per 

b  tt           d  th    p          f                th       m         m 

d       n    p 

m      b      b       b                                    I 

b  tt    y  b 

th      b 

d   h    p 

d                h               w                      m 

ball 

y       4-11  tl 

insulated,  aho 

the  iron,  and 

h    p  w           h                 w 
q                 il      g    d                      w 
ra                            dm 
wh            rob 

tiire  f  "What  is  the  use  of  the  tootbed  wheel?  14b.  What  la  the  eltc/ro- 
maffaelic  telegraph  1  May  the  current  from  a.  batterj  be  made  to  magnetize 
a,  piece  of  iron  at  a  distance  ?    What  ia  required  for  this  purpose  I 
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of  the  iron  from  the  battery,  it  instantly  becomes  magnetic, 
loses  its  magDetism  again  when  the  circuit  is  broken.  The  ck 
and  breaking  of  the  circuit  can  be  performed  at  any  point  it 
line,  bnt  wc  suppose  it  to  be  done  at  the  battery. 


lauysLM- 


The   above  fioin-     which    represents   the   lecoiding   [ait   of 

M       '     f  1       ph    w  11   perhaps   ser\e   bettei   to   lUustiate  the 

f    h  ment  than  a  full  figine  of  it      A  piece 

B      n    h    f  rm  of  the  lettei  IJ  with  eioh  arm  sur 

d  d  w  h     h     X    f  covered  wire  la  firmly  fised  i  pm  a  base 

b      d  w   h  pwari    and  the  extremities  of  the  wirfs 

f  h    h  d  with  the  binding  sciew  (seen  at  the  right  ) 

w      wh    h    h    w  )m  the  battery  are  connected.     A  is  an 

m  fixed  to  the  short  arm  of  a  lever,  which  at 

h       h         d  blunt  point  of  steel,  capable  of  indenting 

!i       te       P      P  p     when  pressed  against  it.     Above  the  point 

am  w   h  a  groove  out  around  it,  into  which  the 

p  p  d  ow  slip  of  paper  is  supposed  to  be  drawn 

g  b    w    n  the  hand. 

\  w  p        this  instruniont,  which  wo  will   call   the 

b      n  N  w  York,   and   the   battery  in  Washington, 

w  W  ell    insulated,   extended    between    them; 

wh  p  'ashington  closes  the  circuit,  the   iron  M 

b  m  g  etie,  drawing  down  the  armature  A,  and 

p  g        p  h    other  extremity  of  the  lever  against  the 

paper,  producing  a  dot  if  the  paper  is  at  rest,  but  a  straight  lino 

if  it  is  in  motion.     When  the  operator  in  Washington  breaks  the 

QnEBTioNS. — Describe  the  figure  given  to  illustrate  the  recording  pnvt 
of  Morse's  telegraph.  "How  is  a  mark  made  upon  the  pnper?  Desorihtf 
tlie  mode  in  wbioli  an  operator  in  Washington  may  wrlie  in  New  York. 
What  are  the  only  marlis  tlie  instrument  is  capable  of  making  ? 
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circuit,  the  iron  M  loses  ita  magnetism,  and  the  lever  drops  by  ita 
own  weight,  leaving  the  paper  to  move  along  unmarked.  When 
the  cirouit  is  again  closed,  the  point  ia  raised  again  in  like  man- 
ner against  the  paper,  and  immediatolj  drops  when  the  circuit  is 
broken  ;  bo  that  the  steel  point  in  New  York  is  perfectly  under 
the  control  of  the  operator  in  Washington,  for  making  dots  and 
straight  lines,  with  whioh  an  alphahet  is  easily  constructed.  Thus 
a  dot  and  line  (.  — )  is  A,  a  line  and  three  dots  ( — .  .  ,)  B,  a  single 
dot  ( .  )  B,  and  so  on  through  the  alphabet. 

In  the  next  figure  the  full  instrument  of  Morse  is  represented. 
The  paper,  P,  is  carried  along  by  machinery,  between  two  rollers, 
in  the  direction  indicated  by  the  arrows,  the  niaohiaery  being 
propelled  by  a  weight.  A  spiral  spring,  S,  attached  to  a  piece 
projecting  downward  from  the  pen-lever,  removes  tlie  steel  point 
from   the  paper  when  the  circuit  is  broken.      W  W,  the  wires  of 


gnet.     The  motion  of  the  maobinery  ia  regulated  by  a  fan, 
which  ia  partly  seen  in  the  figure. 

146,  In  order  to  send  communications  at  the  some  time  from 
Kew  York  to  Washington,  another  arrangement  similar  to  the 
above  is  needed,  with  the  register  in  Washington ;  but  the  same 
wires  and  the  same  battery  may  be  used  to  return  an  answer,  after 

(JirBSTioNS.-^IIow  is  the  alphabet  used  in  this  telegraph  conetruoled! 
i  16.  May  tlie  same  battery  and  the  same  wires  be  mnda  use  of  to  send 
cummumoatioQSbetwoBB  two  places  in  both  directions  t 
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the  Washington  operator  has  fioished,  merely  by  having  a  second 
register  in  the  same  circuit  in  Washington,  and  the  operator  in 
New  York  breaking  and  closing  the  circuit  in  that  place,  as  before 
explained.  Nor  is  it  necessary,  if  the  register  is  in  New  York, 
the  battery  should  be  iQ  Washington;  it  may  be  at  any  point  in 
the  circuit. 

In  the  above  explanation,  two  wires  are  supposed  to  be  estended 
tlio  whole  distance  between  the  places  connected  by  the  telegraph  ; 
but  esperiment  hifl  '.hown  that  only  one  is  really  ncidod,  as  the 
earth  may  be  made  to  foim  a  p^rt  nt  the  circuit 

Sesides  tbe  above,  two  other  ctectno  telegiaphs  are  in  dec  id  thm 
oountry,  and  one  oi  two  of  stUl  different  oonstrnctloo  in  Europe 
House's  telegraph  (Irom  the  name  of  the  inventor)  is  a  most  ingeniona 
iDatrumeiit,  which  performa  the  wonderful  operation  of  printing  jn  dis 
tinot  eapitala  the  njee=ageB  transmitted  It  ie  too  complex  to  be  under- 
stood without  a  close  examinstjon  of  the  instrtiment  itself. 

Biiin's  telegraph  is  worked  prBoiaely  like  Morse's,  but  the  marks  are 
made  on  chemically  prepared  paper,  by  tranamittiug  the  current  of  eleo- 
tricity  through  it.     Lilie  Morse's,  also,  it  marlis  only  dots  or  sCriught 
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147,  There  are  two  very  distinct  sub-divisiooa  of  the  general 
science  of  Chemistry,  usually  denominated  Inorganic  Chemistry, 
and  Organic  Chemistry;  tha  former  of  which  treats  only  of  the 
chemical  history  of  the  elements  and  their  inorganic  compounds, 
while  the  latter  treats  of  the  chemistry  of  animal  and  vegetable 
bodies.  There  are,  however,  certain  priociplea  equally  applicable 
to  both  branches  of  the  seienoe,  which  we  propose  first  to  consider, 
under  the  above  head. 


TUB    ELEMENTS. — CilEMICAr,    Al'FIKITY, 

148.  Tie  Elements. — We  consider  al!  substances  as  simplej  or 
elementary,  that  have  not  been  decomposed.  Of  the  esact  num- 
ber of  these  we  cannot  speak  with  certainty,  as  the  existence  of 
two  or  three,  the  discoTery  of  which  has  been  announced,  has  not 
vet  been  sufficiently  verified.     On  a  following  page  will  be  found 


b  d 


js  it  proposed  to  treat  under  lie  head  of  General  ChemiEtry  ?  148.  What 
ai-e  simpla  substances!  How  many  elements  are  there?  What  is  said 
of  the  qaantities  of  these  afforded  by  nature!  What  two  divisions  of 
Ihem  do  wo  recognize  ? 

13*  (137) 
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149.  Affinity. — Affinity,  ov  chemical  attraction,  has  already 

bepn  mentioned  as  one  of  the  forces  with  which  the  particles  of 

every  kind  of  matter  seem  to  he  naturally  endowed.     It  is  to  the 

action  of  this  force  that  all  chemical  changes,  and  the  accompany- 

ino-  phenomena  are  to  be  attributed      If  two  elements  unite  to 

m  asions  it;  and  if  a  coni 

m  formed,  is  destroyed  by 

m  orce  we  are  to  look  for 

Affi  'nutest  particles  of  dif- 

acts  only  at  insensible 

t,  or  the  closest  prosi- 

m  E  thing  which  prevents 

h  g  ation;    and  any  force 

w     h  cles  already  combined, 

te       to  ra     aoh  other.     It  follows, 

fli  IS  a  specific  power,  dis- 

tter,  its  aotion  may  bo 


fSnity,  it  is  necessary  to 
fl  s  operation. 

59    T  m  exercise  of  chemical 

ft  wo  substances.      Water 

combine  readily.  On 
to  unite  with  sulphuric 
tiraately  their  particles 
may  be  mixed  together,  they  are  no  sooner  left  at  rest  than  the 
ether  separates  almost  entirely  from  the  water,  and  a  total  separa- 
tion takes  place  between  that  fluid  and  the  oil.  Sugar  dissolves 
very  spariogly  in  alcohol,  but  to  any  extent  in  water;  while 
camphor  is  dissolved  in  a  very  small  degree  by  water,  and  abun- 
dantly by  alcohol.  It  appears,  from  these  examples,  that  ohemioEJ 
attraction  is  eserted  between  different  bodies  with  different  degrees 

QuKSTioNS — H9.  Whnt  is  afBuity  f  Are  all  chemical  changes  to  be  re- 
ferred to  this  force?  Betneen  what  only  is  it  exerted?  la  it  influeucoci  in 
its  aotion  by  other  forces  of  nature  1  150,  Where  do  we  observe  the  moat 
simple  inslanoe  of  the  esertiun  of  this  force  !  Ib  it  eserted  witli  equal 
iutensity  between  all  botlieis? 
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of  force.  There  i»  sometimea  no  proof  of  its  existence;  between 
Bome  substances  it  acts  very  feebly,  aod  between  otbers  with  great 
energy. 

AJfinity  is  therefore  said  to  be  elective,  as,  wben  several  sab- 
stuHces,  capable  of  combiaing,  are  mixed  together,  a  particular 
compound  is  always  formed,  in  preference  to  others.  Thna,  if 
sulphuric  acid,  soda,  and  lime  are  at  any  time  raised  together,  the 
acid  will  always  combine  with  the  lime,  in  preference  to  the  soda. 

Ifil    D       p     "       f        m        d  ■     f        ff    ted  b    p         t^ 


Th 


I  d        dh 

w  h 

w         b     p        d 
raph     w 

S    ph 
d       C  mb 


152.  Action  of  Affinity  Modiied  fey  Circumstances, — The 
action  of  affinity  is  influenced  grpjtlj  by  ■various  circumstances, 
only  a  few  of  which  can  be  here  nuticad. 

Questions Why  is  afEnity  said  to  be  elective'     151.  How  is  deoom. 

position  effected  by  the  esertion  of  tins  force!     Give  r-  ="-  ■  -■^-- 

152.  Is  tho  BOliou  of  affinity  modified  by  the  oi "i— •». 

exerted  ? 
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The  particular  state  ot  a  subotinee  whctiier  Bolicl,  hfjuid,  or 
gaseous,  is  a  very  important  ciicuiustince  intimatelv  afii-cting  all 
ita  chemical  relations.  It  is  vi-rj  larelj  the  case  that  two  "iolids 
are  capable  of  combining  — one  of  them  at  le-ist  mu'it  fir^tt  be  made 
liquid,  either  by  solution  m  some  solvent,  or  by  meUmg.  Thus, 
tartaric  acid  and  carbonate  of  soda,  in  a  dry  state,  are  Itept  toge- 
gether  for  any  length  of  time,  without  any  action  taking  place 
between  them ;  but  if  a  little  wafer  be  added  to  dissolYe  them, 
chemical  action  at  once  ensues,  attended  with  violent  effarveaoenee. 
Pho_Ephorus  and  iodine,  though  both  are  solids,  and  phosphorus 
and  sulphur,  will  indeed  combine  when  brought  together  intheir 
ordinary  state;  but  even  in  these  eases,  one  or  both  of  the  sub- 
stances are  made  liquid  during  the  action. 

163,  Cohesion  (for  it  is  this  force  which  unites  the  particles  of 
a  solid)  is  therefore  always  opposed  to  the  action  of  affinity;  and 
whatever  tends  to  diminish  it  in  bodies  capable  of  acting  upon  each 
other,  facilitates  their  union.  Heated  water  is  therefore  usually 
a  more  powerful  solvent  than  when  cold;  and  salt  in  fine  powder 
will  bo  dissolved  more  rapidly  in  water,  than  when  in  large 
lumps, 

154.  The  gaseous  state  is  also  unfavorable  to  the  action  of 
aGinity.  Gases  do  indeed,  in  some  cases,  combine  spontaneously, 
but,  usually,  the  inlrodtiction  of  an  ignited  body,  the  electric 
spark,  or,  in  some  cases,  the  influence  of  the  sun's  rays,  is  needed 
to  cause  the  action  to  commence.  Thus,  a  mixture  of  oxygen  and 
hydrogen  may  be  Itept  for  any  length  of  time;  but  the  intro- 
duction of  flame,  or  the  passage  of  ths  smallest  spark  of  electricity, 
will  cause  them  to  combine  instantly,  with  a  powerful  espiosion. 

155.  Contact  with  a  third  hod^  sometimes  will  canse  a  union 
of  two  elements,  that  would  otherwise  remain  together  without 
Dumbiniag.  Thus,  the  introduction  of  a  piece  of  spongy  platinum 
into  a  misture  of  oxygen  and  hydrogen,  produces  an  explosion  in 
a  few  seconds,  without  any  change  being  produced  in  the  metal, 

QoKSTiOKS. — What  is  said,  in  tliis  connection,  of  tlie  peculiar  state  of 
R  acbstance,  whether  it  be  solid,  liquid,  or  gaseous  ?  Give  an  eianiplc. 
153.  la  cohesion  nlnajs  opposed  to  ofSnity?  164,  Whaf  ia  said  of  the 
gasBOHS  state?  How  may  gases  that  remain  in  Biixtni-e  without  uniting 
aftsrwards  bo  made  to  conibiue!     155.  Wlia.t  is  wWysis  ? 
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Gioept  tliit  it  becomes  intensely  heated  This  power  of  some 
bodies  to  produce  chemical  chaiigLS,  merely  by  their  pie'ieoce,  is 
teimed  caiaJytn  (fiom  the  G-ieek,  /a/a,  by,  and  hio,  to  unloose) 
156.  Mechanical  action  also  fivora  tbe  action  of  affinity 
Thus,  if  a  piece  of  pho-phoma  be  wrapped,  with  a  few  orjstala 
of  chloiate  of  potash,  in  a  piroe  of  tia  foil  or  strong  pnper,  i 
smart  blow  will  caufe  a  \iolont  exj.loMon  Common  fuction 
initohea  ire  igmted  by  fruition  igamst  sand  pnpi-i,  cr  othei  baid 
tubstance 

157  Rdahva  quantity  of  vaitter  \%  the  last  cncumatiiioe  we 
mention,  as  affecting  the  action  of  this  force  Whit  is  meant  by 
this  may  be  illustrated  by  the  solution  cf  common  silt  in  water 
If  equal  quiutities  of  the  salt  are  added  in  aucoesaion  to  ihe  water, 
the  first  portion  will  diaippeir  in  leas  time  than  th"  second,  tbe 
hccond  in  lesa  time  thin  tbe  thud,  and  so  on  As  the  relative 
(juantity  ot  Silt  contained  in  solution  increases,  the  actnn  of  the 
Wdter  becomes  enfeebled,  until  full  saturation  takes  place  If  a 
Idige  quantity  of  salt  had  been  adcii,d  at  fiist,  the  full  satuiatioa 
of  the  water  would  have  taken  place  mnt-b  more  speedily, 

158  Action  of  Affinity  always  aecompanied  by  a  Change 
of  Pioperties — A  chaujje  of  properiie'^,  to  a  grtatir  oi  less 
extent,  always  attends  cheniital  action,  but  no  means  aie  yet 
known  by  which  we  can  predict  what  any  of  these  changes  will  be 
in  any  case,  previous  to  making  the  trial. 

Often,  when  two  bodies  unite,  the  characteristic  properties  of 
both  will  disappear,  and  tbe  bodies  are  said  to  neutralize  each 
other.     Thus,  the  acids  are  usually  sour  to  the  dps 

the  power  of  changing  the  blue  color  of  some  bl  d 

while  tbe  alkalies  are  exceedingly  caustic  to  the  d    h  nge 

vegetable  blues  to  green.      How,  when  an  a    d       d  k  li 

unite,  a  new  substance  is  formed,  called  a  salt,  wh    h  Id   o 

the  taste,  and  produces  no  effect  whatever  upon      g     bl        3      ; 

Questions. — 156.  TV  hat  is  said  of  mechamoal  action!  Give  an  iUua- 
tration.  157.  Whit  ia  afud  of  the  relative  quantities  of  matter  that  are 
brought  to  ftot  upon  each  other!  Give  an  illustration.  158.  Does  a 
change  of  properties  usually  aoc'ompiiiij  chemical  action  f  Can  wo  from 
a  liiiowleijge  of  the  substances  used,  predict  before  trial  what  the  cliangca 
vsill  be  ?  When  are  substances  said  to  neutralize  each  other  !  Give  an 
illustration. 
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anci,  indeed,  while  it  poBsasses  many  new  properties  of  its  own, 
it  exhibits  none  of  those  of  either  of  ilfi  ingredients. 

159.  This  change  may  extend  to  any  or  all  of  the  properties 
of  bodies.  (1.)  Bodies,  after  combining,  do  not  usually  occupy 
tho  same  space  as  they  did  before  eomhination.  Generally,  a  con- 
traction of  volume  takes  place,  hut  this  is  not  universal.  A  pint 
of  water,  added  to  a  pint  of  sulphuric  acid,  will  not  produce  a 
quart  of  tho  mixture;  and  the  same  will  be  found  true  of  water 
and  alcohol.  When  two  gases  comhioe,  a  very  great  contraction 
often  fakes  place  ;  hut  the  result  with  different  gases  is  very  dif- 
ferent. (2.)  The  chaHges  of  form  that  attend  ehemica!  action  are 
exceedingly  various.  The  combination  of  gases  may  give  rise  to 
8  liquid,  as  in  the  union  of  oxygen  and  hydrogen  to  form  mater; 
or  to  a. solid,  as  in  tiie  union  of  carbonic  acid  gas  and  ammonia  t« 
form  solid  earhonatfl  of  ammonia ;  or  hydrochloric  acid  and  am- 
monia, to  form  hydrochlorate  of  ammonia.  Two  solids  may,  in 
combining,  form  a  liquid,  as  is  the  ease  when  crystals  of  sulphate 
of  soda  and  nitrate  of  ammonia  are  rubbed  together  in  a  mortar, 
or  acetate  of  lead  and  alum.  Solids  may  also,  in  combining,  form 
gases  as  is  tho  case  when  gunpowder  detonates.  Two  liquids,  by 
gmy  dmb         wDy  pouring  sulphuric 

to  me.      (3.)  Chemical 

q         y      tend  d  b  color.     No  uniform 

h  d  b    w  compound  and  that 

m  I  d        w  violet  hue,  forms  a 

b  d         pdwhm  da  yellow  one  with 

d      T      h  PP      e  gi'BS  rise  to  green 

d  b  d  sa        w  oxide  of  lead,  wbieh 


A  beautiful  iaatanee  of  the  change  of  color  produEad  by  chemical  action 
is  seen  in  mixing  solutiona  of  chloride  of  mercur;  and  iodide  of  potaa- 
Eiuni.  The  Bolutions  may  be  made  as  'perfectly  limpid  as  water,  but, 
upon  being  mixed,  a  beautiful  vermilion  red  is  produced,  by  the  forma- 
tion of  iodide  of  meveurj.  The  color  shortly  disappears,  if  either 
GolutioQ  was  in  excess,  by  the  redissolying  of  the  prjcipilate.  About 
'17  parts  of  the  chloride  should  be  used  with  33  parts  of  the  iodide. 

QuEsnoKa. — 153.  Maytliechongeesknd  to  all  the  properties  of  bodies  t 
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160.  laws  of  Combmatioii, — The  vektiye  proportions  in  wbit-b 
Bnbstanees  unite  to  form  tlie  different  compounds,  is  goveraed  by 
Qsed  laws.  There  are,  however,  some  apparent  esceptiona  to  this 
rule,  in  wbich  bodies  seem  to  unite  in  all  proportions,  without 
tefereace  to  any  law.  Thus,  water  and  alcohol  seem  to  unite  in 
all  proportions ;  and  the  same  may  be  said  of  water  and  the  liquid 
acids.  There  are  still  other  substances  whioh  seem  to  combine  in 
any  proportion  within  certain  limits.  Thus,  water  dissolves  com- 
mon salt  very  readily,  but  the  quantity  it  is  capable  of  holding  in 
solution  cannot  esceed  about  four-tenths  of  its  own  weight.  Below 
this  limit,  the  water  and  salt  appear  to  unite  in  every  proportiou, 

161.  The  following  are  the  laws  which  regulate  the  composition 
of  such  compounds  ; — 

I.     TJie  eomposilion   and  ^ropertim  of  compmmd  bodies   are 

unchangeahle. 

By  this  it  is  meant  (1.)  that  any  compound,  while  it  retains  it^ 
oharaoteristic  properties,  must  contain  the  same  elements,  united 
m  the  same  p  nporlmns  and  (2  )  that  wh  le  a  compound  eontaina 
the  same  elements  united  in  the  same  proportion,  it  must  also 
pos-iess  the  same  i^htiaetenst  c  properties  ihus,  water,  a  com- 
pound of  1  part*  nf  hydrogen  and  ^  pirts  of  03ygen,  possesses 
certain  well  known  piope  t  es  t  ow  whenever  and  wherever  a 
substince  is  found  possess  ng  tl  e  vi  ous  p  perties  of  water,  wo 
know,  from  this  law  that  it  must  be  a  compound  of  these  two  sub 
stances,  united  in  the  above  proportion ;  and  whenever  a  compound 
of  these  substances,  in  this  proportion,  is  formed,  it  muht  pus'iess 
the  peculiar  properties  of  water. 

A  ohanije  of  properties  always  neoesaaiily  imflies  ft  change  of 
composition;  and,  conversely,  a  change  of  compoMtion  nece..oJiiIy 
implies  a  change  of  properties.  Tliis  law  jb  ot  umvtisil  applied, 
tion,  except  in  the  case  of  isomeric  compounds,  which  will  be 
hereafter  noticed. 


QoESTioKS. — 160.  Are  the  relative  pvoponioiia  m  whiJi  lolei  con 
bina  governed  byanjlaw!  What  esample  is  mentional'  ILl  Stili 
the  first  law  of  oombinntion.  What  is  water  composeJ  ot  I  Doia  i 
change  of  propertJea  always  implj  a  ehange  of  oomiiositi'>n  i 
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U4  COMBINATION. 

II.  When  av;/  giihstances  (as  B,  0,  D,  &c^  comhlne  with  a  given 
qtiantifi/  of  another  substance  (A),  then  the  niimbera  which 
represent  tlie  proportions  in  which  B,  G,  D,  (fee.,  confine  with 
A,  loiU  also  repTesetil  tJie  proportions  in,  which  ihe^  will  coiiv- 
hine  ioith  each  other,  ifstich  combination  be  possible. 
This  law  is  also  of  universal  application,  a.iid  examples  to  illns- 

trats  it  are  abundfint.     Thns, 
8*0  parts  of  osygen 


ffitli  1  part  of  hjdrogen 


It  follows,  therefore,  that  if  oxygen  and  chlorine  eombine,  it  will 
bfl  in  the  ratio  of  8  parts  of  the  former  to  354  parts  of  the  latter; 
and  if  chlorine  and  iodine  combine,  ihe  ootcpound  wilt  coafain 
354  parts  of  the  former,  and  127  parts  of  the  latter;  and  so 
of  the  other  substances  mentioned. 

But  it  is  mora  common,  as  osygen  unites  with  nearly  all  other 
substances,  to  determine  the  quantities  severally  of  these  which 
combine  with  8  parts  of  this  element.     Thus, 


Ayh  b  hgn  rageof  affinity, 

m  gh      1      l^        Id        h     b         f  bl     and  the  results 

w    id  b     h       m        Tl  ml         hu      b        d  for  the  various 

hn  11  dh  ^9  ^        equivalents,  or 

7         I  w  11  b  d  h      h    n  mb  rs  used  merely 

p  1        ?  gw  f   h        b  they  represent, 

b  h  h      f  ts  If   mmaterial  what 

fi  e    rapl  yd         sp  ea.     h  m      Tb        ly  essential  point 

IS,  that  the  relation  should  be  stnetl j  obsei  ved.  Thus,  the  equiva- 
lent of  hydrogen  may  be  assumed  as  10;  but  then  the  number 
for  oxygen  will  be  80;   that  for  elilorine  354,  &o.      Hydrogen 

CJuESTioss, — State  ttie  eeoond  l«w  of  oombination.     Give  an  example 
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eomliinea  with  other  bodies  in  a 
liuown  substance,  nnd  is  therefc 
i>y  most  writers  in  the  English 
fit'  Europe,  oxygen  is  usually  c 
^ I  instructed  accordingly, 

162.  We  give  below  a  table  of  all  the  tnown  elementary  sub- 
stances, with  their  combining  numbers,  or  equivalents,  the  com- 
bining weight  of  hydrogen  being  considered  as  the  unit.  To  find 
the  corresponding  numbers  in  a  table  in  which  the  combining 
weight  of  oxygen  is  made  100,  it  is  only  necessary  to  nmltiply 
the  numbers  in  this  table  by  12'5.  We  insert  also,  in  the  table, 
the  symbols  by  which  the  elements  are  represented  in  clioiaical 
jubjeot  to  which  the  attention  of  the  studer 
a  future  paragraph. 


lower  proportion  than  any  other 
re,  with  propriety,  made  the  unit 
language;  but  on  the  continenfe 
)nsiderecl  as  100,  and  the  tables 


form  nice,  : 
called  in 


Table  op  Elements,  t 


R  EQU]VAtENTS  A 


«.—. 

Sym- 

a- 

Eleven.. 

Sym- 

■5^Slr- 

Aiillmonj(SBMuml 

Nicko! 

ArEflnlc 

14-0 

^o[<um 

203  0 

rolidiiB 

eoo 

Cadmlmn 

Ob 

Carl™' 

0 

Co 

CUiXe 

? 

Cr 

(■hAt^ 

"f 

i 

II 

^'.'jSiJiVK'iuSi 

eso 

Stt  «l«m 

10  0 

'(ulpliur 

e  1 

ijlivgen 

odme 

a  n 

S'nt^™T'' 

JO 

Tang  tan  fWolfr™) 

w 

030 

Kb 

120 

1 

Qnti'^nnsa — lf)5  What  ire  contained  m  tJje  table  nu  this  pn^c' 
Whit  J"  taken  as  the  unit  ?  How  niay  tlie  numbers  ^iven  in  the  uible  be 
coiiteitea  into  othais,  in  which  the  combining  weight  uf  oxygon  is  100* 


Ho.led  by  Google 


*  more  proportions  than  mie, 
U  olviayB  STistain  some  simple 


Besides  the  preoedinsr  siitj-two  elements,  the  eiielBiife  of  wiiieb 
fiesms  to  be  well  establislied,  the  disooTery  of  foav  otliera  bus  beeu 
anaounoed,  wliioh  are  to  be  considered  aa  doubtful.  The  nanies  iri- 
dium, Donariiim,  Ilmoniuoi,  and  Thalium  have  beBii  gifen  to  them. 

The  equiTalents  given  in  the  table  have  been  taken  chiefly  from 
Dana'a  tnble,  found  in  the  lost  edition  of  his  Mineralogy,  but  are  reduced 
to  the  hydrogen  standaid.  In  some  fern  inetancea  preference  has  beeu 
^ven  to  Eegnault's  numbers. 

III.    When  two  sulslances  combine 

then  these  difo-ent  prc^oriions  u, 

ratio  to  each  otlia: 

To  illustrate  this  law,  let  A  and  B  be  two  substances  capable 
of  combining  with  each  other  in  fseveral  proportions; — tbe  lowest 
proportion  in  wUioli  tbcy  combine  will  be  in  tlie  ratio  of  oiia 
equivalent  of  each,  or  1  A  +  1  B.  Tbe  other  compounds  they 
form  will  be  of  tbe  character,  1  A+2  B,  1  A+3  B,l  A  +4  B,  &c.; 
that  is,  1  equivalent  of  one  eiibstance  will  bo  united  with  2  or  3, 
or  some  exact  number  of  equivalents  of  the  other  substance. 

Tbe  compounds  of  nitrogen  and  oxygen  afford  an  eseellent 
illustration  of  tbe  above  law.     Thas,  the 

lat  compound  contains — Kitrogeii,  14,  and  Osygon,  } 


Do.      14, 

14,  ' 

14,  ' 

14,  ' 


Do.  24. 
Do.  82. 
Do.     40. 


6th       " 

The  law,  however,  iidmits  of  a  m 
examples  alone  would  authorise  «a 
bine — and  instances  of  the  kind  arc 
equivalents  of  the  first  to  3  or  6,  S 
even  more  com  pi  el  ratios  than  those 
Substaaca  to  4,  5  or  7  of  the  other, 
may  be  espressod  thiia,  2A-|-8B,  2A-f-5B 
8  A  4-  5  B,  &c. 

Manganese  and  oxygen  eombine  in  five  difi'erent  proportions,  as  shown 
below.  The  second  compound,  it  will  be  observed,  contains  2  equivalenta 
of  the  metal  to  3  et[uiyalenta  cf  osygen,  while  tbe  fifth  contains  3  eqtiiva^ 
lents  of  the  meta.!  to  7  equivalents  of  oxygen.     Thus,  the 

let  ootnponnd  contains — Manganese,  28,  and  Oxygen,  8. 


re  general  application  than  these 
0  espect.  Substances  may  ooai- 
not  nnfreqnent — In  the  ratio  of  2 
^.,  equivalents  of  the  second;  and 
,re  IinowD,  aa  3  equivalents  of  one 
they  are  not  common.  They 
■   '  "    "  1  B  A  -J-  4  B, 


Do. 


28, 


Do.    2*. 


Do. 


16. 


— Stiito   the   third  law  Of  combini 
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n  O  M  B  1  X  A  T  ION,  at 

These  couiples  ratios  luaj  be  espressed  fractiouallj;  thus,  the 
espresaiaiis  2  A  +  3  B,  2  A  +  7  B,  and  3  A  +  4  B,  are  equal 
lespeotively  tu  1  A  h  1 V  U,   1  A  +  3]  B,   1  A  +  ^  B 

in  the  Diangaoe-'o  wiies  above  given  one  phcc,  it  will  ba  seen, 
IB  winlins;,  between  the  fomth  and  fifth,  wiith  miy  hereafter  ba 
filled  bj  further  fesaarth 

TV  The  fqutoaleiii  of  a  totnpoa^id  suh'iiaiice  iciU  ahiays  h 
eqa/rl  to  the  eum  o/  the  equnaJenh  of  fhe  mbtlanteh  which 
iom^oie  U 

Thus,  water  13  composed  of  1  equivalent  of  osjgen  8,  and  1 
equivalent  of  hjdrofcea  1,  its  oombiQing  number,  or  equiva- 
JcLit  will  tharefoie  be  (&  +  !  =  )  9  So,  also,  siilphurio  icid, 
which  contains  1  equivilsnt  of  sulphui  (16)  and  3  equivalentB 
of  osjgcn  (8  \  3  =^24')   has  foi  its  equivalent  40 

r         m  m        d  bodies,  as  hydrochloric  aeid, 

h  h    rine,  35-4,  and  1  equivalent 

h  g  tfl    q        ect  364.     The  equivalent 

m        39  d         h         mbines  with  8  of  osygen  to 

m       ta  h      q  latter  is  47'1  =  39-1  +  8. 

mp      d  unite  with  each  other,  one 

es  with  one,  two,  or  three 

q  ts  b  p  eoiaely  as  in  the  case  of  the 

m  Th  te        p  tassa,  composed  of  potassa 

d  w  q       lent,  474  parts  of  potassa 

d  •*  p    ta        w  ter;    and  ita  equivalent  ia 

=  08  f  potassa  is  composed  of  40 

d      d  ta  of  potassa,  having  for  its 

oquivalent  871;  and  the  nitrate  of  potassa,  composed  of  nitric 

aeid  and  potassa,  contains  54  parts  of  the  acid  and  47-1  parte  of 

potassa,  its  equivalent  being  lOl'l. 

V.  The  quantities  of  ganeows  substances,  estimated  hy  measure, 
which  enter  info  comhinatimt,  hear  some  simple  ratio  to  each 
other,  and  aho  the  quanHties  oftlie  resulting  compounds,  co»- 
sidered  as  gaseatis,  bear  some  simple  ratio  to  the  sum  of  the 
volume  ofUie  ingredients. 

Water,  wo  have  seen,  is  composed  of  1  equivalent  (estimated 
ty  weight)  of  each  of  its  eleffleots,  hydrogen  and  oxygen,  whicii 
QuiiS'xiOKs,  — State  the  foui'tli  law,     Wliat  illustration  if!  gma? 


Ho.led  by  Google 


148  c  o  M  n  I  s  A.  Ti  0  N . 

ore  gases;  but  if  we  measure  them  before  causing  tliem  to  com* 
b  n     we    b  11  fin  1  that  1  pint  of  oxygen  will  unite  with  exactly 

p  t  f  hjd  en.  If  we  use  more  osygen  than  this  in  pro- 
ptnaj  tfjt  will  remain  after  combination  ;  fiDcl  if  we  usa 
1        a  pa  t    f  t!  e  hydrogen  will  be  left. 

S  a  I  nt  of  cbloriue  will  combine  witb  essotly  a  pint  of 
h\  1  n  and  pint  of  nitrogen  with  exactly  3  pints  of  bydro- 
f;en  fovm  ammonia;  and  so  of  other  gaseous  substances,  or  any 
capable  of  taking  tbie  form,  as  sulphur  or  mercury. 

If  we  represent  the  combining  volume  of  osygen  by  1,  as  ia 
usual,  then  the  combining  volume  of  each  of  the  following  sub- 
etanoeSj  viz ,  hydrogen,  mercury,  nitrogen,  chlorine,  iodine,  and 
bromine,  will  be  2.  Phosphovus  and  arsoDie  have  the  same 
combining  volume  as  oxygen,  1 ;  while  that  of  sulphur  is  J. 

These  numbers  are  determined  by  esperiraent  precisely  as  the 
numbers  representing  the  proportion  in  which  substances  combine 
by  weight. 

It  follows  from  the  above  that  theie  must  be  a  close  relation 
between  the  atomic  weights,  the  combining  volumes,  and  the 
densities  of  gaseous  substances.  The  atomic  weights  of  osygoa 
nnd  hydrogen,  we  have  seeu,  are  as  8  to  1,  while  their  combining 
volumes  are  1  to  2 ;  it  follows,  therefore,  that  the  density  of 
oxygen  must  be  to  that  of  hydrogen  as  16  to  1.  So  the  atomic 
weights  of  chlorine  and  hydrogen  are  as  35-'i  to  1,  but  they  com- 
bine in  equal  volumes;  their  comparative  densities  must  there- 
fore be  as  their  atomic  weights,  that  is,  as  35'4  to  1.  Id  fact,  in 
all  cases  in  which  the  gases  oombiuo  in  equal  volumes,  their 
densities  respectively  must  be  as  their  atomic  weights.  And  in 
tho  cases  of  those  which  do  nut  combine  in  equal  volume,  the 
simple  ratio  of  the  combining  volume  being  observed,  it  is  eaaj-  to 
calculate  their  relative  densities  from  the  atom  c  we  ght  Thus 
the  combining  volumes  of  hydrogen  a  d  sulphur  \apor  a  o, 
respectively,  2  and  4,  and  their  atom  o  wc  ^hta  I  and  IG     the 

Q         UHS.— State  the  fifth  law  of  comb  nation     'Wiiiit   Uustrai  on  ia 

gi    n      Is  there  otiy  relntion  bstneen  the  at   a  o  we  gl  s    oom    n  ng 

m      and  densities  of  gnseous  bodies?     How    s  tbia     lust  ntail  hy 

to  oxjgen  and  hydrogen  ?     W  en   he  oomb  □    g  to    me     ud 

a    m     w  iglit3  of  gases  are  given,  mny  tl         e      ve  do  s    ea  be         u . 

a  How  is  tliia  illustrated  by  refere    et     up  u     nd  hjd  o^  u! 
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density  of  ftulphuv  vapor,  compared  with  tiiat  of  bydrogeo,  must 
therefore  he  96,  which  ia  very  neai'ly  the  same  as  it  is  found  to  be 
by  direct  experinient; 

It  is  cuskiniary  to  refei'  tie  densities  of  gaseous  l)odies  to  that  of  atnio- 
Bpherio  aic  (at  a  given  temperature  uud  presaure]  talien  ae  unity  ;  and 
wa  have  tliea,  as  the  result  of  very  many  eipeiiments,  the  numbera  in 
the  table  below.       These  numbers  ivili  be  of  use  hereafter. 

tins  Yoluma  of  Air  welsbe l-OM       Oue  vol.  of  lotllne  vsyor  wighs H;7J8 


By  tlie  seoDnd  part  of  tlie  fiftli  law,  as  enunciated  above,  the  combining 
vcilumes  of  oompouud  gases  will  bear  a  simple  ratio  to  the  sums  of  the 
volumes  of  their  respective  ingredienta.  la  some  cnses,  no  change  of 
volume  takes  place  when  gnses  combine,  as  in  the  esse  of  chlorine  and 
hydrogen,  where  equal  volumes  combine  and  produce  two  volumes  of 
hydrochloric  acid;  but  more  frequently  a  change  of  volume  is  observed, 
as  in  the  oaso  of  vapor  of  water,  which  is  eomposed  of  1  vol.  of  oxygen  and 
2  vols,  of  hydrogen  condensed  to  2  vols,  of  steam.  So  nmmonia  is  a, 
compound  of  1  vol.  of  nitrogen  aad  3  vols,  of  hydrogen  condensed  into  3 

Tha  denaitj  of  a  compound  gas  may  therefore  ofton  be  calculated  from 
iho  density  of  its  ingredients  and  the  change  of  voIuidb  known  to  take 
place  in  combioation.  Thus,  in  the  case  of  water,  whioli  we  have  seen 
is  oompoaed  of  1  vol,  of  oiygeu  and  2  vols,  of  hydrogen  condensed  into  2 
vols,  of  steam, 

1  vol.  of  Oiygen  =  I-lOG 

2  "       Hydrogen  =  2  X  -060  =  0-138 

3  "      Steam  =  I'2!li 
One-hnlf  of  this  sum,  1-24*,  or  0-Q22,  ii 

or,  in  other  words,  the  density  of  steam, 
direct  eKperiraent.    So  io  the  case  of  ami 

8  vols,  of  Hydrogen  =  3  ; 

1       "       Nitrogen    ^ 


As  tliia  funos  2  vula.  of  ammonia,  one-half  of  the  aura,  1478,  or,  -589 
is  the  weight  of  1  vol.,  or  the  density  of  this  compound  gas. 

Wo  add  one  more  instance,  by  way  of  illustratiou.     Hydrosalphurio 

QoBaiiONS, — Does  a  change  of  volnme  sometimes  take  place  when 
gases  comhino  ?  How  is  this  illustrated  in  the  oase  of  water  f  May  tbe 
density  of  a  compound  gae  be  caloulatcd  fi'om  the  densities  of  ils  ingre- 
dients »ud  liie  change  of  volume  that  takes  place  when  tlioy  combiue  t 
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tttticl  is  a  uompoimd  of  a  single  equiviilBnl;  of  hrdrogen  nnd  eulpliur,  th« 

combiainK  TolumB  of  the  former  being  I,  and  that  of  sulplinv  ^.     Now, 

1  Tol,  of  Sulphur  -vapor  =  6'63i 

6      "      Hjdrogen  =  6  X  0.069  =     -Hi 

6      "      Hydvosiilphurio  aoid       =  7-008 
Aa  the  7  vols,  in  combining  form  but  6  toIs,  of  ihe  gns,  the  sum  7  003 
in    to    be    liiTided   ty  6,    giving  us  fof  the   density  of  hydrosulphuri 
Bcid,  1'173. 

Some  -Enbatanees,  as  otirbon,  cannot  by  any  means  jet  known  be 
ohtainecl  in  a  state  of  vapor ;  still  we  may  with  some  oertiunty  calculiite 
■nhat  the  density  of  their  vapor  would  be  if  vapovizfition  were  possible. 
Thus,  in  ihe  cose  of  carbon,  assuming  that  carbonic  acid  is  composed  of 
1  voianie  of  carbon  vapor  and  2  volumes  of  oxygen,  the  whole  condensed 
in  2  volumes,  we  have — 

2  vols,  of  Carbonic  Aeid         =  2  x  1-524  =  3-048 
2       "        Oxygen  (snhtract)  =  2  x  MOB  =  2-213 

1       "        Carbon  vapor  =  -885 

One  volume  of  carbonic  acid  we  know  contains  1  volume  of  osygen, 
bat  whether  the  carbon  vapor  sliould  be  taken  as  1  volume  or  only  j  of  ft 
volume,  we  have  no  means  of  determining,  escept  the  analogy  of  other 
compound  gases,  and  therefore  oui  assumption  above  may  not  be  cci-reot. 
It  is  possible  that  carbonic  acid  may  have  a  more  complex  organization 
and  carbon  a  very  different  eombiaing  volume. 

The  combining  volume  of  osygen  being  tnlien  as  1,  those  of  all  tlie 
elemeutary  bodies  capable  of  assuming  the  gaseous  form  are  1,  2,  or  4, 
except  that  of  sulphur,  which  is  J.  Of  the  very  mnny  compound  gases 
whose  combining  volumes  have  been  determined,  tliat  of  nearly  every 
one  ia  either  2  or  4. 

183.  Atomic  Theory. — It  will  be  observed  tliot  nothing  theo- 
retical pertains  to  the  above  laws,  which  are  simply  the  enunoia- 
tioa  of  well-detertnined  facts;  but  saeh  striking  results,  obtained 
by  experiment,  naturally  incline  us  to  inquire  foi  thdr  enuse, 
and,  ia  the  absence  of  positive  proof,  the  atomic  iJitor^  has  been 
proposed  for  thia  purpose. 

This  theory  assuraea  that  eveiy  Hiupls  flubafance  ss  an  -iggre 
gation  of  atoms  (9),  by  which  is  meant  the  partieles  in  their 
smallest  state  of  division,  ind  that  the  atoms  of  the  'fame  sub 
stance  are  all  precisely  (f  the  sime  -weight  It  assumes,  a!«o, 
that  when  simple  substances  combine  to  t  im  compound",  they 
uqite  by  atoms;  that  is,  one  atom  of  one  sub'itatioe  combines  with 
one,  two,  three,  &e.,  aloma  cf  tbj  Btnnd,  or  two  atoms  of  the 

QuESiiON.— Its.  Explain  the  atomic  theory. 
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)       w  h   li        ii  iw.            s  ol  the  BeooDiI, 

m               p       d  b      b     utely  iudi¥i=ible, 

b    h  g       b       an  atum,  and  all 

m       b          b        mlA  1  B  1 A+2  B,  2  A  +  3  B, 

w                         in  stance  has  never 

m      d  b                      m  d  b       h      quivalents  of  the 

d      d                     P         b  weigbts ;  the  term 

gh        h                           d  yn       mous  with  equiva 

bh                 w  nadlobeS  and 

B         dm  d       be  I  compound  of 

d              m.  h                  wh  le  sulphur  e 

m  p           d  th  ee  atoms  of 

p  h     y         ati  ctly  true  we 

in           p  m              but,  it  is  readily 

rr           p  what  really  takes 

ff   d            g  p          on  of  the  reason 


64       soifl    H  A    m  at  required  to  raise 

g  ff  by  a  given  number 

g         (    ),  g        J,  g  uro ;  and  the  num- 

bers espresaing  these  quantities,  hnviug  refereaee  osually  to  water  aa 
tlis  standard,  express  also  the  capacities  for  heat  or  tlie  specifio  heats  of 
these  bodies.  Between  Cheee  numbers  ne  special  relation  con  be  traced  ; 
but  if  we  make  the  caloulatiou  in  reference,  not  to  equal  meights,  bnt  (o 
atomic  weieiifs,  tben  in  some  nine  or  ten  of  the  elementnrj  bodiCB  the 
iipucilia  heats  are  found  to  be  tlie  same,  while  several  others  have  a  epecilo 
heat  twice  or  four  times  as  great. 

It  has  been  supposed  that-the  specific  heat  of  the  atoms  of  all  bodies 
may  be  the  same — a  view  wliioh  is  favored  by  the  facta  above  men- 
tinned — but  most  bodies,  both  elementary  and  compound,  depart  bo 
widely  from  this  supposed  law  that  its  edstende  is  altogether  improbable. 


NOSIENCEATURE    OF    CHEMISTRY  —  SYMBOLS. 

165.  Homeaclature. — Chemistry  possesses  a  more  systematic 
nomenclature  than  any  other  branch  of  natural  science ;  and  a 
tliorough  knowledge  of  it,  at  the  very  beginning  of  his  studies,  is 

QnESIiosB. — Does  this  theory  account  satisfactorily  for  the  preceding 
laws  of  oombination"?  164,  Is  the  specifio  heat  of  the  atoms  of  all 
bodies  the  same  ?     165.  What  is  said  of  the  nomenelataro  of  chemistry  \ 
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very  iraportaDt  to  the  Ktudeut.  This  notnGiiclature  ia  framed  in 
reference  lo  the  composition  of  compounds,  and  is  so  contrived 
that  the  names  of  all  compounds  shall  indicate  the  substances 
of  which  they  are  composed. 

IfiG.  Elementary  snhslajices  being  composed  of  only  one  kind 
of  particles,  of  course  the  above  remark  does  not  apply  to  them ; 
their  names  are  mere  names;  that  is,  mere  sounds  connected  by 
iL'5age  with  the  things  signified.  Yet,  in  the  case  of  newly  dis- 
covered elements,  names  have  in  some  instances  been  given  that 
indicate  some  important  property  of  the  substance.  Thus,  oxygen 
(from  the  Greek  oxus,  acid,  and  gennao,  to  produce)  was  so 
named,  because  it  was  supposed  to  form  a  necessary  part  of  all 
acids ;  and  hydrogen  (from  hiidor,  water,  and  gennao),  because 
it  was  known  to  enter  into  the  composition  of  water.  So  chlorine, 
being  of  a  greenish  color,  received  its  name,  in  consequence,  from 
the  Greek  cMoros,  green;  and  bromine  was  so  called  from  its 
offensive  odor,  from  hromos,  fetid.  Potassium  and  sodium  are  so 
named,  because  they  form  the  basis,  respectively,  of  potaaaa  and 
soda;  and  glncinnm  (from  glukus,  sweet),  because  of  the  sweet 
laste  of  some  of  its  compounds.  Other  elementary  substances 
of  recent  discovery  have  been  named  in  like  manner;  but  all 
simple  substances  which  have  beea  long  known  retain  their 
ancient  names.  Thus,  gold,  silver,  lead,  copper,  sulphur,  car- 
bon, are  names  of  well-known  substances,  and  they  are  retdiied 
in  chemistry;  but  they  contain,  it  is  evident,  no  descriptive 
moaning. 

167.  But  it  is  to  compound  bodies  that  the  nomenclature 
especially  applies;  and,  as  above  intimated,  its  design  is  to 
indicate  their  composition  by  their  names.  For  this  purpose, 
when  two  substances  only  are  combined  in  a  compound,  a  part 
of  the  name  of  one,  with  the  termination  ide,  is  made  use  of, 
while  the  other  is  expressed  in  full.  Thus,  osygen  forms  osides ; 
chlorine,  chlorides;  bromine,  bromides;  snlphnr,  sulphu rides,  or 
snlpliides;  carbon,  carbonides,  or  carbides,  &o.,  of  the  other  sub- 
stance, the  name  of  which  is  fully  expressed;  as  oxide  of  iron,  oside 

Question. — In  refurciioc  lo  what  ia  liiis  nomcnditture  fiumeii  ? 
IFJIl.  What  is  said  of  elpmentai-y  substances?     167.   IIuw  is  tlic  tei'mi- 
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of  sulphur,  ohloi'ide  of  hjdrogec,  &c.  Formerly,  usago  required  us 
to  emploj  the  terraioatioo  tJe  for  the  compounds  of  all  the  ele- 
meiitarj  sabstances  except  those  of  carbon,  sulphur  and  phosphorus, 
with  which,  without  any  apparent  reason,  another  termination,  tiret, 
was  used.  Thus,  we  have  hoen  aoonalomed  to  say  snlphnret  of 
ciirhou,  aud  not  sulphide ;  phosphuret  of  calcium,  and  not  phos- 
phide; but  a  change  in  this  respeot  has  taken  place,  and  tha 
termination  tde  is  alone  made  use  of,  as  sulphide  of  oarbon,  &o. 

When  two  elements  unite  ia  more  tliau  one  proportion,  numeral 

prefixes  from  the  Greek  or  Latin  are  used  to  designate  them  ;  as 

protoxide  of  copper  (from  protos,  first),  and  deutoside  (detiterof, 

Fcoond)  or  binoxide  {bis,  twice)  of  copper.     The  first  of  these 

compounds  contains  one  equivalent  of  oxygen,  united  with  one 

eq.  of  copper,  while  the  second  contains  two  eq.  of  oxygen,  com- 

1  'ned  with  one  of  copper       So  the  teroxide  (tertki,  third)  or 

d    (  h  -d)    f  n      gen,  is  a  compound  of  three  eq. 

n      d  J     f  n      g™'     The  same  rule  is  observed 

mp  und     f  other  substances,  as  protosulphide 

d  h  d      f   n         y    h  earbonide  of  sulphur,  terchloride 

d  Th     p    fis^         often  used  to  indicate  the  highest 

d  k    wn         p  of  lead ;   and  the  prefix  wiq'ii 

h       w  n      f  the  substances  is  combined  with 

q         h        h         b     n^e;  as  aesquioxide  of  iron,  which 

n  n      d   h  ee  eq.  of  oxygen.     Generally,  the 

jj  m  p  esaed  first,  as  chloride  of  sulphur, 

d  n  ph         f    h      n       but  this  rule  is  not  univereally 

w  d 

168    J  f             mp  unds  abovu  described,  which  may  pro- 

p     y  b  d  h       y       b      menlary,  as  being  composed  of  two 

m  p           f  combining  together,  and  forming 

n  p           mp  unia,  usually  called  salts.      In  con- 

g   h  ah            lin  to  each  other,  they  are  usually 

d     d  h      w                  f  acids  and  basea.     The  acids  are 

Q  w       U         miaa^ou  lo-eJ  formerly,  used?      When 
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generally  more  or  less  sour  to  the  taste,  eliauge  vegetable  blues 
hi  rod,  and  are  electro -negative  in  relation  to  llie  other  class ; 
while  the  bases  are  electro-positive,  auiJ  restore  the  blue  colors 
which  have  been  changed  to  reel  by  acids.  Some  of  the  bases 
arc  soluble  in  water,  and  are  esoeedingly  acrid  and  caustio. 

A  large  proportion  of  all  tbe  acids  are  oxides,  and  are  there- 
fore called  osygen  acids,  or  oxyaoids ;  but  many  contain  hydrogen, 
and  are  called  hydraoids.  So,  when  a  sulphide  possesses  acid  pro- 
perties, it  is  called  a  sulphur  acid. 

As  most  of  the  acids  belong  to  the  first  class,  or  are  oxyacids, 
special  reference  is  had  to  them  in  tbe  nomenclature;  and  they 
are  named  bj  using  the  termination  ic  or  otis  in  connection  with 
t-lie  name  of  the  substance  with  which  the  osygen  is  combined  to 
form  the  acid,  the  termination  ic  being  used  for  the  acid  contain- 
ing most  oxygen,  when  there  are  more  than  one  formed  from  the 
same  substance,  and  the  termination  ous  for  the  one  containing 
least.  Thus  we  have  sulphuric  and  sulphurous  acids,  the  former 
of  which  contains  more  oxygen,  and  is  a  more  powerful  acid  than 
the  latter.  When  there  are  more  than  two  acids  formed  from  the 
same  substance,  the  prefix  Jiypo  (kupo,  sub,  or  under)  is  used  iu 
connection  with  the  name  of  one  or  the  other  of  the  two  already 
described,  as  the  case  may  require.  Thus,  we  have  7ij/posulphmio 
acid,  which  contains  less  oxygen  than  the  sulphuric,  and  Ibo 
/y/^osulphurous,  which  contains  less  oxygen  than  the  sulphurous. 

When  a  compound,  not  containing  oxygen,  possesses  acid  pro- 
perties, a  part  of  the  name  of  oae  of  the  substances  is  used  as  a 
prefix  to  tlie  name  of  the  other  substance,  to  form  a  name  for  the 
acid.  Thus,  hydrochloric  and  hydrosulphurio  acids  are  compounds 
of  hydrogen  with  chlorine  and  sulphur  respeclively.  So  chloriodio 
acid  is  a  compound  of  chloride  and  iodine.  Some  writei's  are 
particular  to  take  the  prefix  from  tbo  name  of  tbe  negative  ele- 
ment, and  say  ehlorobydric,  sulphydrio,  &o. ;  but  there  is  no  good 
reason  for  such  a  distinction  If  no  prefix  is  used,  the  acid  ia 
understood  to  be  an  osyaoid,  as  nitric  acid,  which  is  composed 
of  nitrogen  and  osygen. 

QusflTioNB. — How  are  aciiJa  generallj  oharactariitd  !  How  ire  tases  ! 
What  ars  oKjaoida  ?  What  hj'drocids?  iiow  are  tbe  oxjaeiria  uniued? 
How  ie  tlie  prefix  hppo  oaed!  Oife  eianiplea.  When  an  acid  oompounil 
lioBS  not  oontaln  oxygen  how  ia  it  iiamciJ  t     Gite  esanipleB. 
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189.  The  salts  are  compounils  of  the  acids  with  bases,  as 
Glauber's  salt  (sulphate  of  soda),  wiiich  is  composed  of  sulphurio 
acid  and  soda.  Naraea  of  the  salts  are  formed  hy  changing  ttip 
terminatioo  of  the  natae  of  tha  acid  from  ic  into  ale,  and  from  ova 
into  He,  and  expressing  in  full  the  name  of  the  base.  Thus,  euI- 
phuri'c  acid,  combined  with  bases,  forms  sulphaies ;  carbonic  acid, 
carbonaies,  &c.,  of  the  bases  with  which  they  may  be  severally 
united;  as  sulphaie  of  lime,  phosphnie  of  alumina,  hyposulpha/e 
of  soda,  &c.  So  9ulphur(>Ks  acid  forms  sulphtfc-s ;  nitfOTw  acid, 
nitrtfes;  hyposulphurous  acid,  hyposulphiVe?,  &e.,  of  the  various 
bises 

Jlinj  of  the  metillic  oxides  serve  as  bases  of  salts,  but  in 
ixpiessiug  th(,m  fthe  salts),  the  word  oside  is  often  omitted; 
thus,  Bulphite  of  iron  is  the  same  as  sulphate  of  the  oxiflo 
lit  iron  If  1  higher  oxide  than  the  protoside  forms  the  base 
ot  a  salt,  it  IS  usually  espressed  in  full;  thus,  we  have  the 
bulphite  of  the  --eiiqut  oxide  of  iron. 

170  Aad  or  suppr  salts  are  such  as  contain  an  excess  of  acid, 
wliiie  basic  or  mb  silts  contain  an  excess  of  base ;  suits  thiit  con- 
tiin  no  excess  of  either  acid  or  base  being  called  neutral  sath. 
A  bzsiilpluite  contaioa  twice,  and  a  tersulphate  three  times  as  much 
acid  as  a  sulphate.  Prefixes  derived  from  the  Greek  numerals 
are  often  used  to  express  the  excess  of  base  in  the  subsalta;  as 
(^/nitrate  of  lead,  a  salt  Which  contains  1  equivalent  of  nitric  acid 
and  2  equivalents  of  oxide  of  lead.  The  same  thing  would  be 
expressed  by  calling  it  bibaaic  nitrate  of  lead. 

Tho  aliovB  Bsplanations  will  ser^e  to  illuRtrate  the  fuiidnmenti!  piin 
ciples  of  the  present  nameuclature  but  it  is  admitted  that  it  applioa 
but  partially  to  tlie  more  complai  chemical  compoundB,  wliioh,  however, 
aie  not  of  fvequent  oooaiTence. 

171.  Ghemioal  Symbols. — Instead  of  writing  the  fill  m,me  of 
I'ubatances,  it  is  often  conveait.nt  to  substitute  ibbieiiatioui, 
which  are  called  the  symbols  of  these  substances  Foi  a  simple 
substance,  the  first  letter  of  the  Latm  name  is  gentiall^  ii^Li , 
but  when  there  are  two  or  more  having  the  same  initials,  ssim, 

QuiiSTION.?.— 169.  What  are  sails  '  How  are  the  Suits  nimed  .  \V1  at 
IE  said  of  the  names  of  sails  which  have  metillio  oxides  for  tlisip  bases  ? 
170.  ^Vhat  are  acid  or  super  aalla  ?  What  basic  oraubsalts!  171.  What 
art!  chemical  symbols!     How  are  they  formed! 
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ottor  letter  of  the  name  is  cODneeted  with  the  initial,  in  the  Bjm- 
bols  of  all  esoept  one.  Thus,  0  stands  for  osygen,  and  O3  for 
osmium;  B  for  boron,  Ba  for  harlum,  and  Bi  for  bismuth  ;  P  fur 
pbosphoiTjs,  Pd  for  palladium,  and  Pt  for  platinum,  &o.  In  the 
table  on  page  145,  the  symbols  ia  general  aae  for  all  theaiinfle 


These  symbols  indicate  single  equivalents  of  the  suhstances 
they  respectively  represent;  and  to  indicate  two,  three,  or  more 
equivalents,  a  fignre  Is  placed  before  the  symbol,  as  the  coofiicient  in 
Algebra,  or  a  little  below  it  at  the  right.  For  instance,  8  signifies 
a  single  equivalent  of  sulphur,  2  S,  8  S,  or  Sj,  S^,  &o.,  two,  three,  &o., 
eq,;  and  4  0,  5  0,  or  0„Cs,four  eq.  of  osygen,  fiveeq.  of  carbon,&o. 
To  indicate  that  several  substances  are  combined,  their  symbols 
are  simply  written  side  by  side,  as  HO,  or  with  a  comma  between 
them,  as  H,  0,  orwithtbeplas  sign  (+),  as  H  +  0;  all  of  which 
espressions  represent  a  single  equivalent  of  protoside  of  hjdrogon, 
or  water.  The  comma  and  the  plus  sign  are  generally  made  use 
of  ooly  when  the  expression  is  somewhat  complex;  thus,  No's,  '9 
the  symbol  for  nitric  acid,  KO  that  for  potassa,  and  KO,  NOsi'or 
KG  +  NO5  that  of  nitrate  of  potassa.  Sometimes  the  plus  sign 
is  used  when  the  substances  between  which  it  is  placed  are  not 
combined,  but  only  mised.  GeneraHj,  in  writing  the  symbols 
of  compounds,  we  express  the  electro -positive  element  first,  as 
HO,  KO,  and  not  OH,  OK,  hydrogen  and  potassium  being  the 
positive  elements  of  these  compounds.  So  also  we  write  KO,  SO, 
for  sulphate  of  potash,  and  not  SO3,  KO. 

It  is  to  he  particularly  observed  that  small  figures,  placed  at 
the  right  of  lettera,  apply  only  to  (he  ones  to  which  they  are 
attached;  but  large  figures,  placed  at  the  left,  like  algebraic 
coefficients,  affect  all  that  follow  them  to  the  nest  comma  or 
plus  sign.  Thus,  POj  represents  phosphorio  acid ;  NaO,  soda ; 
l!ifaO,POj,  phosphate  of  soda ;  2(NaO,POji),  two  equivalents  of 
the  same  phosphate  of  soda;  but  2NaO,POs  indicates  a  single 
eq.  of  bibasic  phosphate  of  soda,  which  contains  two  eq.  of  soda, 
united  to  one  of  acid. 

In  consequence  of  the  frequent  occurrence  of  the  double  equiva- 
lent, it  is  often  expressed  by.  drawing  a  line  under  the  symbol 
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of  tte  sicgla  oqnivalcnt,  or  by  a  black  letter.  Thus,  Al  signifies 
an  eq.  of  Eiluminuin,  and  Al  or  Al,  two  equivalents,  AIO3  or 
AlOa  is  tho  symbol  for  tho  sesquioside  of  aluminuni  or  alumina, 
and  means  the  same  as  AIjOj.  As  oxygen  forms  an  extensive 
list  of  compounds,  simple  dots  are  often  used  to  indicate  its  pro- 
aenoe  in  tbom ;  tho  above  symbol  for  alumina  would  then  become 
Al= AtjOj.     Other  examples  follow  the  same  rule. 

Combinations  of  these  symbols,  aooordiog  to  the  principles 
above  explained,  are  called  Chemical  Fortnulse ;  and  the  great 
advantages  of  their  use,  in  expressing  forcibly, complicated  chemi- 
cal changes,  will  be  fully  seen  as  we  proceed. 

173.  laomeriBin— FolymeriaM.— Isoraerio  compounds  (161)  are  such  as 
haie  the  same  altimate  composition,  but  differ  from  eacli  otlioi-  in  some 
or  all  oE  their  sen^We  properties.  The  term  is  derived  from  the  Greek 
uoi,  equul,  s,Qd  meros,  part. 

Thus  phoEphorio  acid,  POj,  is  known  iu  three  different  oonditioas,  as 
ordinary,  pjro,  and  metnphosphorio  aoiils,  the  tirst  of  nhich  is  capable  of 
saturating  8  eq,  of  a  base,  aa  soda ;  tha  eacond,  2  eq.  of  base,  and  tho 
third  only  1  eq.  In  other  properties,  also,  this  acid  in  its  different 
states  exhibits  a  diversity,  but  its  composition  iu  the  different  states  is 
tha  same.     There  are  other  examplaa  of  the  same  kind 

Foiymerk  oompounds  have  the  smoe  ultimate  composition,  but  differ 
in  thair  properties;  and  their  equivalents  are  multiples  or  sub-mul- 
tiples of  each  other.  Olefiant  gas,  C^H^.  oil  gas,  0^^,  and  oetine, 
CgjUjg,  form  a  series  of  this  kind,  haying  the  same  elements  in  the  same 
atomic  proportion,  but  the  equivalent  of  the  second  being  twice  that 
of  the  first,  and  one-fourth  of  that  of  tlie  third.  80,  oil  of  turpentine, 
CioHj,  and  oil  of  lemona,  Cj„H,5,  sustain  to  each  other  a  similar  relation. 
Many  other  examples  are  knonu. 

173.  Allotropism. — This  term  is  used  to  designate  the  different  oon- 
diljons  in  -whioh  a  substance  is  aometimes  found,  as  it  regards  tlio 
ohemioal  action  of  otlier  bodies.  Thus,  iron,  in  its  ordinary  state,  is 
readily  dlssoWed  by  nitric  acid  ;  but  if,  before  immersing  a  pieoe  of  iron 
wire  in  this  acid,  one  end  of  it  be  heated  to  redness,  or  if  it  is  connected 
with  the  positive  electrode  of  a  gBlvanio  battery,  or  if  it  be  immersed  in 
the  acid  in  contact  with  a  piece  of  platinum, — in  either  of  these  cases, 
the  Boid  fiiils  to  act  upon  it.  80,  if  an  aqueous  solution  of  chlorine  be 
prepared  in  the  dark,  it  may  be  kept  in  a  dark  place  without  change  for 
a  long  time ;  bat  if  the  sun  is  permitted  to  sMne  upon  it  a  few  seoonds, 
decomposition  will  oommenoe,  hydrochloric  acid  will  be  formed  in  tha 
water,  and  bubbles  of  oxygen  rise  to  tlie  surface. 

Many  other  substances  eshibit  similar  pec uliail ties,  and  are  sold  to 
»xist  in  different  allotropic  states. 

QuBsiiOBH.— 172.  Wliat  are  isomeric  compounds!  What  esamjiles  are 
given  ?  What  are  polymeric  compounds  ?  Give  an  esample.  173,  What 
does  the  term  allotropism  designate ! 
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174  Thi,  parhtlts  of  liquid  ind  f.ascoiat,  bodie"!  liS  ths,v  Tiiiits 
to  form  eulids,  stmetimes  oobeie  together  la  an  lu  lisenminate 
manner,  and  gi7e  rise  to  uregulir,  shapeless  nuases ,  but  moia 
freijueiitly  they  attach  themselves  to  eidi  other  in  a  ceitain 
Older,  so  ■«  to  constitute  sohds  possessed  of  a  legulaily  liinifed 
form  The  pvooesa  hy  which  such  a  body  13  produced  is  called 
a-ysiahzation ,  the  solid  itselt  is  teimed  1  crystal ,  and  the 
science,  the  object  of  which  is  to  dettrmme  and  classify  the 
foims  of  (.rjst^ls,  is  cryslahg) apht/ 

175  Mode  of  ptoduouig  Crystals — Nituie  presents  us  with 
an  ihun(Jani,p  of  oiyitils  m  the  mineral  Lin^jdom,  hut  tl  ay  mij 
also  bp  piodacej  trtificiallj  by  seyei-a!  piocesses  The  essentul 
condition  is,  that  the  particles  if  the  substance  to  be  eijstihzel 
should  be  free  to  move  among  eaoh  othsi,  which  is  acoumph=bcd 
by  bunging  it  into  the  ln|iiid  state  by  solution,  or  by  melting  it. 
Alum  forms  beautiful  octahedra]  crystals,  by  making  a  saturated 

solution  in  warm  water,  and  allowing  it  to  cool 
slowly.  If  a  small  tree  be  made  of  copper  wire, 
and  its  branches  immersed  in  such  a  solution  while 
cooling,  on  removing  it,  the  part  immei-sed  will  be 
covered  with  a  multitude  of  small  shining  octahe- 
drons, like  fruit.  If  the  solution  be  allowed  to 
;  become  cold,  the  crystals  will  gradually  in- 
crease in  size  as  the  water  evaporates.  Common  salt,  blue  and 
green  vitriol,  and  many  other  substances  may  be  crjstalized  in  a 
^milar  manner. 

Orystalization  by  fusion  is  also  very  common.  If  a  qnautify 
of  sulphur  bo  melted  and  allowed  to  cool  slowly,  upon  breaiiing 

QcESTiONS. — 174.  Do  the  portiolea  of  bodies  somelimes  unite  so  «s  lo 
formaolidsof  a  regular  form  t     What  are  auoh  solids  colled  t     175.  Wliiit 

is  the  essential  condition  for  the  formation  of  crystals  ?     IVIiat  is    tho 
form  of  the  orj'slals  of  nluni  ? 
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!  ccust  and  pouring  out  all  that  remains 

d     a    ma  s   ot    crj  tal     w  1   be    found 

til  a  shoo  ng    n  eve  j  d  ect    n   is  re[.re 


Iha  eryotal  zat  n  of  miny  sul  tancos  i 
6  (.tur  corro  ve  su  1  nite  olue  it  ci 
also  I  e  pro  luced  by  subl  mton  Cytaiaun      upu 

176  Crystalization  m  SoMs — L-ve  n  eol  Is  ciystlsalon 
so  et  mea  Uies  place  Coppe  w  e  wh  b  has  been  Iod"  kejt  s 
Ra  d  often  to  lu&e  it  tenac  ty  n  onsequence  of  onb  e  c  ysta  s  of 
tbe  metal  g  idnaily  form  Dg    q  it      Wben  eigar  a  melted  and 

1  owed  to  cool  t  fo  ni3  a  ha  d  tnnsparent  ma  i  bat  by  keep 
ag  some  ti  e  t  grad  al  y  heco  nea  opa  j  e  and  ei.h  1  is  the 
d  nary  wh  te  color  and  cry  tJ  ne  st  cue  of  refine  1  %  gar 
(  ommon  lemon  can  I3  wl  ob  s  su  lly  sold  lu  small  flat 
I  eees  an  h  w  de  ■ind  tour  nelie'  long  la  beaut  f  lly  trans 
}a  ent  wl  en  first  formed  1  ut  after  a  few  hours  cry  talzaton 
1,  mmenoes  in  numerous  pouts  and  g  aduillj  extends  through 
t  e  mas  wb  cb  now  becomes  opaque  aad  at  the  s  me  f  me  Ha 
fl    or  IS   n  p  oved 

177  Water  of  Crystalization  — Many  substa  ces  n  c  ys- 
t  1  i  n^  al  0  b  a  I  rge  [  int  y  of  water  call  1  tl  e  r  u  r 
of  ^^^  aluat  0  wl  cb  3  esseati  1  to  the  existe  ee  of  the 
c  ystalfl  It  somet  n  a  amounts  to  h  If  the  r  we  ^ht  WbeQ 
eiposed  to  the  1  r  the  water  ften  eviporites  and  the  crystals 
f  11  to  powder  Th  y  a  e  then  said  to  ffio  eae  tjlauber  3  salt 
uSbrds  a  noted  instanoe  of  this. 

All  substances  are  limited  in  the  number  of  their  orystaline 
forms.  Thus,  calcareous  spar  erystalizes  in  rhombohedrons,  fluor 
spar  in  cubes,  and  quartz  in  six-sided  pyramids ;  and  these  forms 
are  SO  fur  peculiar  fo  those  substances,  that  floor  spar  never  erys- 
talizes in  rhcmbohedrons  or  sis-sided  pyramids,  nor  calcareous 
spar  or  quartz  in  cubes.  Orystaline  form  may,  therefore,  serve 
as  a  g  u  d  of  distinction  between  different  substances.  But  the 
c  mp  of  substances  haying  the  same  form  is  not  necessarily 

Q  — HoTV  may  sulphur  be  orjataliiod  ?       176.   May  ovjatali 

D  pliicB  Id  solids  r      Give  an  esampls.      X77.  What  \a  water 

a    a  ion?     When  does  s,  aubstniiGe  eglorescef     Ave  substances 
m     d  n  h    number  of  tbeiv  crjBtalino  forms ! 
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178  P   mary  Forms — Ih    to 
u     m    d     b  d 


-^  dp         y     f    d 

c     -f 


fm  w     Ih 
k         M   , 


d  Ijy  til        mp 
y       ea       p       d 


h  and  p         n    f  u 

d    WQ    h    ugL       m  ca     do. 

1     M      me         S^        — Th  m  d                       A 

h       g   ^  hd        B     nd  h  h   nh                            Q 

of  which  have  three  equal  ases  at  nj^ht  angles  with  eai,li  otht.r. 

Henc     h       mfmnow        n  udnt  measure. 

The           A                 d  w       ai    q  al    q  its  axee,  a,  J,  c, 

^  1 


Ihe  rei/iilai  oc.ahcdion,  B,  is  contained  uadei  ei„lit  equilateral  trinngles^ 


IE?     How  many  of  llieaa  ore 


QnnaTloNB. — 178.  What  ate  primary  forms  :  now  many  oi  ineaa  o 
tliere!  In  how  many  classes  do  they  arrange  tiemaelvea  ?  What  a 
the  forms  of  the  monometrio  system  ?  What  ia  said  of  tbe  aiea  of  t 
;:>-■  jg  of  tJiis  ejatein  ? 
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!,  oounect  opposite  solid  angles 


161 
angles  and 


and  Its  nxes,  a,  b,  c,  connect  opposite  solid  angles.     All  il 
eJgos  are  ai 

The  Thombie  dodeeahedTon.  0,  \a  bounded  by  twelve  equal  rhombs;  ft 
has  two  kinds  of  solid  anglea,  one  kind,  a.s  m,  m,  Ttliio!:  is  eomposed  of 
foi:u;  acute  plain  angles,  and  anotker  kind,  as  >i,  n,  nhicb.  is  composed  of 


thi 


obtuse  plaii 
Comparing  the) 


angles. 


The  ases,  a,  I 


t  the  opposite  ai 


ffl  three  forms  witli  each  other,  it  will  be  seen  thnt  the 

J  ID  all,  being  equal  'va  length,  and  making  right  angles 

with  each  other.     If  any  one  of  them  is  supposed  to  be  placed  within 
another,  the  oies  of  the  two  will  entirely  oorrespond  throughout. 

2.  Dimefric  Si/slem.'—i:h\a  aystem  includes  only  two  forms, 
the  square  prism,  and  the  square  octaliedron.  These  solids  have 
three  axes,  at  right  angles  to  each  other,  bat  they  are  of  two 
kinds,  as  indicated  hy  the  name,  from  (lis,  twice,  and  inetron, 


The  square  prism,  D,  is  bonnded   by  s 

D 


a  of  which,  0,  0, 


/ 

[     0 

/ 

- 

5 
'1 

i 

/ 

5 

/ 
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,  c,  oonneot  the  aentres  of  opposite  faces,  ua  in  the  cube  ;- 
named,  b  and  c,  are  always  equal,  but  the  other, 

""  "Liie,  is  variable,  and  maybe  either  longer  or  shorter 
than  the  others.  ItB  solid  angles  are  similar  to 
each  oUier,  but  tLe  edges  are  of  two  kinds,  the 
biisal  and  the  lateral. 

The  square  oclahedTOJi,  E,  has  for  its  faces  eight 
equal  isoBoeles  triangles.  The  aiea  connect  qppo 
site  solid  angles,  and  correspond  in  ever;  reepeo 
vith  the  ases  of  the  square  prism.  The  ivi 
therefore  properly  oonatitute  one  Byatem.  In  de- 
scribing this  solid  the  variable  axis,  a,  is  clwaya 
supposed  to  be  vertical,  the  otber  tuo  being  hori- 
lontal.  It  has  two  kinds  of  edges,  and  two  kinds 
Saoare  Octahedron.       of  aolid  angles. 

3.  Trimeiric  System,. — The  three  solids  of  this  system  are 
the  rectangvlar  prism,  F,  the  right  rJiombtc  prism,  G,  and  the 
rhombic  octahedron,  H.  The  name  is  from  ftf's,  trice,  and 
metron,  measure.  These  forms  have  three  ases  intersectiog  at 
right  angles,  hut  all  are  variable,  no  two  being  equal. 

The  rectangular  prktn,  F,  has  six  faoeo,  oil  cf  which  are  rectangles : — 
its  three  azes,  a,  h  and  c,  oonneet  the  < 
intersect  each  other  at  right  angles,  and  dj 
Its  Bolid  angles  are  nil  similar;  but  its  edj 


■eof  tl 


iuds. 


/i 

/ 

\A 

y 

1 

' 

Eeolongular  Prtim 

The  nglii  rhombti'  pnsm,  d  bos  six  faces  two  of  -nbith  are  equal 
rhombs,  and  con-titute  the  bases  while  the  four  lateial  taces  are  rec 
tangnlar  Its  thiee  axes,  a,  b  and  f,  mteiseot  at  right  angles  and  are 
Tanable;  the  first,  a,  connecting  the  centres  of  the  basea,  but  the  other 
two;  6  and  c,  being  drawn  between  tie  centres  of  opposite  lateral  edges. 
Its  solid  angles  are  of  two  kinds  and  its  edges  of  tbree. 

The  rhoriibie  octahedron,  H,  has  eight  faces,  which  are  scalene  tri- 
anglea;  its  axee,  three  in  number,  o,  6  and  e,  unite  the  apices  of  oppo- 
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Eil.o  solid  angles,  and  in  every  respect  correspond  to  ttie  axes  of  tlia  two 
sdlidB  last  desoribed.  Tliie  solid  may  be  considered  as  composed  of  two 
pyramids  witli  rhombic  bases,  united  base  to  base. 

Comparing  the  tliree  forms  of  this  system,  we  sea  that  their  axes  are 
iilentioai;  comparing  tlie  systems  now  described  with  each  other,  we 
find  that  they  each  have  three  ases  intersecting  at  right  angles  in  the 
centra  of  the  Bolids;  but  in  lie  first,  or  submonometrio  system,  al!  ara 
oqu-oi ;  in  the  second,  or  dimotric,  two  are  equal,  and  the  tliird  variable ; 
while  in  the  third,  or  trimetrio,  all  are  Tariable. 

4.  JHonodiak  System. — This  system  iucludea  two  forma,  the 
ri'-jh  rhomhoidal  pri'sm,  I,  aEd  the  oblique  rhomhif  prum,  J, 
wbbh  have  three  axes,  a,  h  and  c,  two  of  them  making  their 
intersections  at  right  angles,  but  the  third  is  inclined.  The 
name  is  from,  monas,  one,  and  clino,  to  incline. 

The  righi  rhomhoidal  prism,  I,  has  two  rhomboidal  bases,  upon  one 
"f  which  iu  this  figure  it  is  supposed  to  slaud,  the  other  four  being 
rectangles.  The  aiea  oonncot  the  centres  of  opposite  faces,  of  which 
'  '     -  -  - '  -  '—^ dt  at  right  angles,  but  i  and  e  are  inclined  to  each 


Eight  Rlionitoiaiil  Piism. 


The  ohiique  rhorahic prkm,  J,  haa  its  faces  rhombs,  and  its  four  lateral 
faces  parallelogi'ams.  Its  vertical  asis.  a,  connects  the  centres  of  the 
bdses,  but  the  two  lateral  ai:es,  b  and  e,  are  drawn  between  the  centres 
of  the  lateral  edges.  The  last  two  Intersect  at  right  ringles,  and  the 
vartioal  axis,  a,  makes  a  right  angle  with  i,  but  is  inclined  to  c. 

To  compare  these  two  forma,  the  right  rhomboidal  prism,  I,  most  be 
placed  upon  one  of  its  rectangular  faces,  as  iu  K,  mailing  the  axis,  a, 
vertical;  Uie  faces  ram  and  nn,  in  I,  will  become  respeotiTely  m  m  ami 
nn  in  K,  and  nil  the  niPS  of  the  two  will  correspond.     If  now,  when  in 


Question.— Comparing  now  the  uses  of  the  forms  belonging  to  the 
three  preceding  systems,  in  what  do  they  differ?  What  fcrma  are 
included  in  the  monoelinic  Bystera  ?    What  is  said  of  their  axes  ? 
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Questions.— What  solid  only  belonjta  to  tlie  hiolmic  ejifem  '  What 
is  said  of  tlie  axes  of  this  form  ?  Whnt  are  the  fuima  of  Iho  Losigonal 
B^'steiQ !  Hon  many  aies  have  tliey,  aud  how  are  thej  diavra ' 
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to  l.lia  otlici-  three,  caliud  the  lateral  ages.     Thiise  latter  intersect 
eaoh  other  at  angles  of  60°,  and  are  equal. 

The  rkombohedron  is  of  two  iinds,  tlio  obtuse,  N,  and  the  acuto,  O; 
in  eaoh  oil  the  six  faces  are  equnl  rhomba,  and  in  each  there  are  two 
fi-ilid  nnglaa,  diagonally  oppoeite,  which  are  formed  by  throe  eqaal  plain 
snglos.  Betwean  these,  one  axis,  a,  is  drawn,  called  the  yertiiial  asia ; 
B'ld  la  desoribing  the  solid  tliis  is  always  supposed  to  be  in  a  rertioal 

•    0  0 


'4 


position.      The  otlier  three  axes,  b,  o  and  d,  unite  tlie  ccnirea  of  opposite 

Of  the  twelve  edges,  sis  (three  above  and  three  below)  are  conneotod 
with  the  eitremities  of  the  vertical  axis  around  which  they  are  syui- 
metrioally  placed.  The  other  six,  called  the  lateral  edges,  are  also 
situated  around  .this  aria  Bymmatrioally,  and  at  equal  diatances  from  it. 
Thia  is  readily  seen  by  looking  downward  upon  a  crystal  of  tliis  form 
when  in  position,  a  seodon  through  tba  centre  perpendicular  lo  the 
vortiual  axis  being  plainly  a,  regular  hasagon,  as  in  the  figure  P. 


By  replacing  the  sis  lateral  edges  hy  planes  parallel  to  the  vertioal 
axis,  a,  ft  heiagonal  prism,  terminated  by  thvee-sided  pjramida,  ia  pro- 
duced, represented  in  R.  Removing  in  a  similar  manner  the  lateral 
solid  angies,  we  have  the  form,  3,  which  ia  essentially  the  same  as  tha 
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n    h    h 
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h     p     m 

d        U 


>   til     h  mb  ]]  d 


179.  Secondary  Forms  — S 


iQ  the  a 
A  general  discuBSioa  of  the  Iaw&  of  tbeae  modi  ligations  onnnot  be  liere 


upoi 

A„ 
introducad,  and  only  a  few  fui-tlier  il  lustration  a.  Tho  connection  between 
the  different  forms  of  each  of  tie  six  Bjstoma,  it  is  believed,  has  been 
in]ide  plain;  and  alao  the  modifioatioos  byirbiah  one  foi'm  is  evolTed 
from  BQOtlier,  as  the  oblique  rhombio  pviem,  J,  from  tie  right  vbom- 
boidal,  I,  in  tjie  mouoolinic  eyetem, 

By  the  same  prooeaa  the  seoondary  forms  are  obtjiined  from  the  pri- 
maries ;  indeed,  in  each  syetem  containing  more  than  one  form,  any  one 
in  that  Byetem  may  he  taken  as  the  primary,  ofwhich  the  others  are  then  to 
bo  considered  as  seooiidariea.  Thus,  in  the  dimetrio  ByBtem,  either  the 
sqnare  prism,  or  the  sijuai-e  octahedron  may  be  taken  as  the  primary  form, 
from  which  the  other  may  be  derived  in  the  manner  pointed  out.  Tliere- 
fore,  although  U  is  caatomary  to  consider  as  primary  all  the  thirteen  forms 
mentioned  above  as  belonging  to  the  several  ayatema,  yet  the  whole  nom- 


180  laws  of  H  difi  a     n  of  F  rm  — Th 


djied, 


nieiittil  forms  only  are  then  neoess.iry  ?  180.  Do  the  modifications  in 
the  forms  of  crystals  always  take  place  according  to  fised  laws?  What 
is  the  general  law  stated  ?  Are  all  the  parts  similar  in  tho  forms  of  the 
'  io  syatom  ! 
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case  Ttith  the  fnrma  of  the  other  systems.  In  the  dimslrio  syatem,  for 
instance,  the  square  priam,  D,  (pnge  101,)  has  two  kinds  of  faces,  the 
basal  and  the  lateral,  and  also  two  kinds  of  edges,  Sut  Only  une  kind 
of  solid  angles. 

The  lateral  edges,  being  formed  by  tiie  meeting  of  siiailar  faces,  may 
bo  trunonted,  timt  is,  replaced  by  a  plane  eqnallj  inclined  to  the  two 
faces;  but  the  bnssl  edges,  being  formed  by  the  meeting  of  di.saimilnr 
faces,  do  not  admit  of  truncation.  The  new  plane  replacing  one  of  these 
edges  will  filnajB  be  more  inclined  to  one  of  the  old  faoos  than  to  the 
other. 

The  solid  Rngies  are  all  alike,  but  each  being  formed  by  two  plane 
angles  that  are  similar  to  each  other,  but  unlike  the  third,  tliey  cannot 
be  truncated-     The  figure  V  represents  a  square  prism  with  its  lateral 


edges  truncated,  and  in  W,  we  see  one  of  the  same  witb  its  basal  edges 
replaced,  bat  each  of  the  new  planes  is  unequally  inclined  to  the  adja- 
oeut  basal  faces  0,  and  lateral  faces  I.  In  the  figure  X,  the  square 
prism  has  its  angles  replaced,  t!ie  new  plane,  p,  making  equal  angles 
with  the  faces  I,  but  uot  with  0. 

By  continuing  the  replacementa  seen  in  W,  or  in  X,  until  the  old  faces 
are  entirely  obliterated,  it  is  eTident  that  we  shall  have  the  aquaro  ocla- 


regul 


r  ootahedron  does  to  the  i 


Questions.— What  is  said  of  the  faoea  of  the  square  prism  ?  What  is 
said  of  the  faces  forming  the  basal  edges?  Can  these  edges  then  be 
truncated?  May  the  lateral  edges  be  truncated?  If  wo  replace  the 
basal  edges  on  the  angles  of  the  square  prism,  continuing  the  replnee- 
ment  until  the  original  faces  are  all  obliterated,  what  form  will  result? 
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ing  tlie  forma  bolonging  to  otlier  ayetems,  and  applying  tli8 
Bftme  genei-nl  law,  it  beoninaa  apparent  tliat  tlie  -vai'ietj  of  foj'ms  capable 
of  boiug  proiliiopfl  is  c«allj  unlimited,  but  tbe  aubjeot  oannol  be  pursued 
furUier  in  tbis  place. 

181.  Formatioa  of  Crystals. — IVhen  it  substatice  orysfaliies  in  oircum 
Btances  to  admit  of  obserTaOoti,  a  very  small  crystal  is  first  seen,  wbich 
gradually  increases  in  siin  by  the  deposition  of  particles  on  tlie  different 
faoea.  If  tbia  addition  of  matter  be  equal  on  all  the  faces  the  form  ia 
continued  the  same,  but  if  tbere  is  more  adtted  on  some  of  tlie  faces  than 
OD  others  the  orystal  beeomea  more  or  leas  irregular.  Clinngea  of  form, 
in  BocorilancB  ifitb  the  laws  above  mentioned,  we  may  suppose  to  be  pro- 
duced in  the  following  manner.  Let  us  suppose  a  substance  ovyslaliiing 
In  the  monometrio  system,  as  galena,  or  common  salt.  A  cube  ia  formed 
and  is  gradually  increasing  in  size  by  equal  additions  upon  eTcrj  face, 
but  at  length,  from  aome  oanse  not  nnderstood,  a  change  takea  place,  and 
regular  spaces  are  left  at  the  angles  or  edges  of  the  cube.  We  will  aup- 
pose  that  at  eiich  edge  of  the  cube  there  is  left  a  deRoiency,  or  decreiacn!, 
of  one  row  of  particles  for  every  addition  npon  tlie  surtiice;  litis  will 
oooasioii  the  formaljon  of  planes  upon  the  edges,  and,  if  continued,  will 
result  in  tbe  production  of  a  rhombio  dodeoahedrDU. 

Or  let  us  suppose,  as  the  additions  are  made,  a  decrement  occara  at 
the  angles  only ; — this  will  result  in  the  replacement  of  tbe  angles.  Li't 
A  be  a  small  cube  on  -which  deposits  are  taMng  place,  as  suggeated 
abose,  leaving  decrements  at  the  angles.  After  a  time  it  will  have  the 
form  E,  and  by  a  continuatjoa  of  tlie  procesa  will  become  of  the  form  C, 
and  then  of  D  ;  but  unlike  the  forms  represented  in  the  figures,  it  will 
be  constantly  increasing  in  size.     But  the  form,  D,  is  evidently  that  of  a 


regular  octahedron  with  all  its  solid  angles  replaced  by  planes;  and  we 
suppose  the  process  contintied  until  the  perfect  octahedron  would  be 
formed.  By  reversing  this  process,  commencing  with  tbe  regular  octa- 
hedron, and  supposing  additions  to  be  made  on  the  faces,  with  decre- 
menls  at  the  angles,  and  continuing  the  process  snfScIeutly,  the  cube 
will  eventually  be  prodnaed. 

Whether  tbis  ia  the  real  mode  by  which  tbe  vaviooaly  modified  second- 
ary forms  are  produced,  we  may  never  be  able  to  determina  fully  but, 
in  the  absence  of  positive  proof,  this  liaa  been  pi-esented  aa  theoietically 


QuKRTJONS. — 181.  How  do  crystals  increase  in  siie?  Illustrate  tlie  mode 
n  mbioli  a  secondary  form  may  be  produced  in  iJie  cijf,talization  of  oom- 
non  salt  by  a  supposed  decrement  upon  the  edges ! 
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183.  Cleavage.— Crystals  are  generally  capable  of  separation 
in  certain  directions  Jjy  natural  joints; — a  property  which  is 
denominated  cleava(/G.  In  the  primary  forma  this  usually  takes 
place  in  planes  parallel  to  the  faces,  hut  way  also  occur  in  planes 
parallel  to  any  of  the  faces  of  secondary  forms  belonging  to  tiiQ 
species.  It  will  usually  he  found  in  crystals  that  cleavage  is  nrnch 
more  easy  in  aoaie  directions  than  in  others;  and  the  general  rule 
is  that  it  will  tate  place  with  equal  facility  parallel  to  similar 
faces,  and  only  in  this  direction. 

183,  Isomorphism. — Isomorphoua  sabstances  (from  isos,  equal, 
and  morphe,  form),  strictly  are  substances  which  ei^staliae  in  tho 
same  form ;  hut  the  term  is  generally  used  to  indicate  those 
bodies  which,  in  the  oompounda  they  form,  are  capable  of 
replacing  each  other,  without  changing  the  forms  of  the  crystals 
of  these  eofflpounds.  Thus  magnesia  and  lime,  and  the  protosidas 
of  iron  and  manganese,  form  a  group,  any  one  of  which  may  replace 
another  in  whole  or  in  part  in  the  compounds  they  form.  So  also 
alumina  (aesquioxide  of  aluminum),  and  sesquioxide  of  iron,  fonn 
another  group,  and  phosphoric  and  arsenic  acids  anotlier. 

In  general,  isomoi-phous  substances  will  be  found  to  poBSess 
other  analogous  ppBperties;  and  the  coiapounds  thay  foi'm  will 
often  closely  resemble  each  other  in  all  their  leading  properties. 
We  have  an  excellent  illustration  of  this  in  the  alums,  of  vrbich 
there  are  several,  but  all  possessing  the  same  crystaline  form, 
and  the  same  astringent,  sweetish  taste,  the  same  solubility  in 
water,  &c.     Below  are  tho  formula  representing  their  composition 

Common  alum  ........ .KO.SOa  +  AIA,  3  SO,  +  24  HO. 

Iron  alum KO.SO,  +  Fe.Oj,  3  80^  +  24  HO. 

Chromium  alum KO.SO^  +  Cr.O,,  3  SO^  +  24  HO, 

Soda  alum NaO,S05+ AlA-  3  80,  +  24  HO. 

Ammonia  alum NH,O,S0a  +  Al^Oa,  3  SOj  +  24  IIO. 

QjfESTlOH. — 1S3,  WJiiit  is  meant  by  cleavage  ?  How  does  this  osuallj 
lake  place  in  primary  forms?  Is  cleaTnge  made  with  equal  facility  in 
all  direotionaf  183.  Wliiit  are  ieomoi-phous  sobstanoes?  Will  iaomor.. 
phous  substances  usually  ba  found  to  poasees  other  analogous  properties 

besides  those  (if  form  t     What  is  said  of  the  ulnms  in -■■■ '--- ' 

15 
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Comparing  tliese  formulEe,  one  after  anutherj  witli  tlie  first, 
that  of  common  alum,  we  perceive  that  ^p  iron  and  ehromiam 
alums  the  sesquiosida  of  aluminum  is  replaced  by  the  sesquiosides 
of  iron  and  chromium  respectively;  and  in  the  soda  and  ammonia 
alums,  the  potash  is  replaced  in  one  bj  soda  and  in  the  other  by 
ammonia  (oxide  of  ammonium).  These  several  sesquiosides  aru 
therefore  isomorphous,  as  are  also  the  potash,  soda,  and  ozide  of 
ammonium  Tihich  replace  each  other  in  the  other  formula.  This 
list  of  am  b  h  d  tea 

single  f:  m  m  d  d  p     eas- 

ing very  p    p 

Many     h  g      p  mp  m         b  ia 

which  i    m      h  h  h       ove 


2.  Pot         m  m  m 

3.  Osyg 

4.  Art  m  ra 
6.  Pla       m            m                    m 

184  Dimorpliisin — Dimuiphons  substinces  ((7/s  doubk,  ind 
morjihe,  foim,)  ire  such  as  aia  capable  of  orjitihaing  m  two 
forms  belonging  to  different  systems  of  crj  utilization  \.  few 
Biib«tinee«  are  incwn  which,  under  different  oireumstanLCs,  crjs- 
tahze  m  three  formi,  and  are  therefore  called  inmoi-phom 

Among  the  simple  substances,  caibon,  sulphur,  and  perhaps 
copper,  ire  dimorphous  Carbon,  as  diamond,  takes  a  form 
belonging  to  the  monometrio  system,  but,  as  giaphite,  it  is  fuund 
in  the  hesagjnal  sjstem  It  is  "^caicely  necessary  to  remirk  that 
ID  these  different  forms  manj  of  its  pioperlieq  ire  essentially  dif 
ferent  As  diamond,  it  is  the  hardest  sub'itanee  known,  and  is 
transparent,  but,  is  graphite,  it  is  comparatively  soft,  petfectly 
black  and  cpike 

Sulphur  when  oryitiliZBd  by  melting  and  slow  cooling  (175) 

(jDEiiroiS  — H  w  Jo  llie  foimnla  fur  the  liifferont  iluma  onmpiti, 
with  eich  (thei'  1B4  Whit  aie  dimorplioua  HubstjQi-  i  (  \\\  n 
simple  luhatrtiiLd'  ma  meiit  oneJ  ut  being  dimorphonf  ( 
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tlie  ci'ystnis  tske  fonna  belonging  to  the  monoclinic  s^'stem,  but 
tlie  nativo  crystals,  and  those  obtained  by  dissolving  sulphur  in 
the  bisulphide  of  carbon,  belong  to  the  tiimeti'ic  system. 

Many  compouad  bodies  are  found  to  oryataliaB  iu  two  or  more  forms ; 
nnd  sometimes  it  bas  been  ascertained  that  the  partieukr  form  pvoduoed 
will  depend  in  Bome  degree  upon  the  tamperature  of  the  orjataliiing  aolu- 
tion.  Carbonate  of  lime  Qsuailj  orjstaiizas  in  forms  of  the  heKngonal 
sjatem,  but  oooasionally  it  forms  orystale  of  the  trimetno  sjstem,  uid  is 
tiien  called  arragonite.     Suob  reaearohea  aa  h  m  b        b- 

ject  indicate  that  it  takes  the  form  last  m  'J  ^ 

about  212°,  but  fojiDS  crystals  of  the  hesag  m 

or  Tery  high  temperatures. 

In  some  caaes  a  change  of  the  orystalinc 
of  a  body,  attended  by  a  change  of  color  m 

tiOQ  of  temperature.     Thus  protiodide  of  m  m 

gonde  beat  forma  small  dimetric  crystals  b- 

limed  at  high  temperatures  the  crystals  lu'   m  di  phur 

jellow  color.     The  soarlet  crystals  beoom 
turn  red  again  when  cooled. 

Ihe  yellow  crystals  obtained  by  Eublim  b 

onoled,  but  if  ecrotohad  or  disturbed  by  B  m    p  by 

it  once  turn  red  at  tlie  point  touched,  U         lu 

extends  to  the  whole  mass  of  cryatals  in  o 

QursTio 
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SPECIAL    C 11 IC  HIS  TRY  — INORGANIC, 

185.  Classiflcatioil  of  Elements. — Having  discussed  under  (he 
bead  of  Gbneual  Chemistry  the  important  principles  pertMning 
to  ciiemical  changes  generally,  we  are  cow  prepared  for  the  exami- 
nation of  the  varions  simple  substances,  or  elements,  found  in  nature, 
and  their  inorganic  compounds  so  far  as  may  come  within 
of  the  present  work.  And,  in  accordance  with  general  usage, 
shall  divide  them  into  the  two  great  classes  of  non-metallic  and 
meCallic  elements,  called  also  metalloids  and  metals. 

Though  this  diTiaion  is  universally  recognized  by  writers  upon 
this  science,  yet  it  is  founded  upon  properties  which  are  not  abso- 
lute, and  are  much  more  di'ftini.tly  seen  in  some  of  the  elements 
than  in  others;  a  degree  of  vagueness  therefore  attaches  to  it, 
and  several  of  the  simple  substinces  iie  not  le'idily  deteran 
being  referred  to  either  of  the  divisions  with  neaiJ^  equal  pro- 
priety. It  is  howeier  retimed  because  of  its 
following  the  example  of  Kegnault,  we  shall  considei 
tallio  the  following  fifteen  ekments,  which  are  further  amnged 
in  natural  groups.  Of  these,  silicon,  tellunum,  and  arsenic  have 
not  unfrequently  been  classed  with  the  mi-tah  which  tLey — and 
especially  the  last  two — ^tiiliin;;ly  lescmble  in  some  of  thou  pro- 
perties. Iodine  and  biomme  also,  though  witL  Jess  rea-ion,  have 
been  sometimes  regaided  as  mptils 

All  the  elements  may  enter  into  the  eompo'fition  of  inoiginie 
compoiSQds,  which  are  produced  in  the  mineral  world,  and  may 
bo  formed  artificially,  but  only  a  fi,w  of  them — more  especially 
carbon,  hydrogen,  oxj  gen,  and  nitrogpn — foi  m  orgamo  compounds, 
which  originate  almost  esolosively  in  plants  and  animals. 

QuESTioBS.— -186.  Into  ivhat  two  cinsaes  ore  the  elemental^  substsncca 
divitied  f     How  nianj  □  on- metallic  elements  nve  tliore?      May  nil   the 
elements  enter  iato  tbe  compoEition  of  inoignuio  nr  mineral  con^pounds} 
What  Tour  oi'e  mentioned  as  foi-ming  most  organic  compounds? 
(172) 
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A  further  discussion  of  the  rektiona  of  orgaaio  and  inorganic 
bodi63  will  he  introduced  hereafter. 

186.  For  the  sate  of  convenience  we  shall  arrange  the  non- 
inetallio  elements  in  the  five  following  groapa,  and  introduce  them 
for  description  in  the  order  in  which  their  names  appear.  Among 
the  individimls  of  some  of  the  groups  a  stiaking  resemblance  in 
manifest,  hut  in  other  groups  this  is  less  apparent. 

Each  element  will  first  be  described,  aud  afterwards  will  bo 
introduced  the  more  important  compounds  it  forms  with  the 
other  elcmenis  pieviously  described. 


METALLOIDS,   OR   SON-METALLIC   ELEMENTS. 
Gkouf.  I.     Oxygen.     llynnoGEB.     Nitboqen. 


Tha  firet,  osygen,  is  more  abundant  thiui  any  other  element,  oonstitu- 
ting  from  80  to  SO  per  cant,  of  the  whole  globe,  or  at  least  that  pact  of  it 
aooeaexblo  to  mnn.     It  forma  compounds  with  nearly  all  other  elumants. 

Ilydvogen  is  a  highly  electro-positive  siibstunoe,  oud  in  some  of  its 
properties  resembles  the  metals. 

Nitrogen  is  noted  for  its  Terj  feeble  aflinity  for  the  other  elements, 
whether  eleotro-positivo  or  elootro-negaliTe.  It  has  somotimes  been 
classed  with  phosphorna  and  araeulo,  to  which  it  haa  boihb  resemblance. 

Group  II.     CmonisE.     lomwE.     Beomihe.     Fluoribe. 

These  eleolco-negatiTe  elements  constitute  a  very  distinct  natural 
fiimilj ;  each  forma  a  single  aeid  compound  with  hydrogen,  aud  all 
esoept  tlie  last  form  analogous  acid  compounds  with  osygou. 

Group  III.     Sulphub,     Seieksum.     TEHuaiutr. 

These  elerasuts,  eapeoiolly  the  first  two,  closely  resemble  each  other; 
they  also  form  acid  compounds  both  with  csygen  and  hydrogen,  which 
are  analogous  in  their  constitution. 

QuKSTiOHB. — 188.  In  how  many  groups  are  the  metalloids  arranged? 
Kamo  the  elementa  of  the  first  group.  Why  are  these  arranged  together  » 
Name  tliosa  of  the  second  group.     Name  the  elements  of  the  third  group 
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Group  IV.     Phosphoeus,     Ahsenig. 

Two  elotiieuts  Tery  eiinilnr  iu  mnny  of  their  properfies,  nni3  forming 

Biniilnr  compounds  Trith  oxygen  nnd   hydrogen.     Mnny  of  fheir  com- 

ponuds  are  isomorplious.     Antimony  aieo  properly  belouga  to  the  group. 

Group  V..    Carbon.     Silicon.     Bobow. 
Combustible  bodies  incnpable  of  being  volatilized  even  at  tlie  highest 
temperatures  tnown,  and  forming  feeble  aoida  with  osjgen. 


OviQEN      1      Gaseous  at  all  temperatures ;  but  having  fp.w  other  points 
HiDRoOEN  [ot  resemblanca.     A  compoani  of  the  first 
NiTEOGEN  J  ualer, — a  mjiture  of  the  Srst  and  last,  atuioi 


OX  YGEW. 

Si/mhol,  0;  EquimJenl,  8;  Dam'///,  llOG. 

187.  History, — Oxygen  (from  oxtis,  acid,  and  gmnao,  to  pro- 
duce) was  discf  d  ly  r  tly  nd  =1  h  1  ndepeodeutly  of 
each  other,  in  17  4  It  ]  b  n  11  d  mj^/  a/  ah;  because 
it  Buppovfs  comb  t  n  ud  (  ?  b  necessary  to 
respiration.  It  th  n  b  d  t  f  tl  lemeatary  aub- 
stanees,  and  col  1 1  t  f  m  0  t  50  p  nt  f  tbe  mass  of  t!ie 
globe,  or  at  lea  t  h  t  p  t  f  t  bl  t  m  n;  it  forms  also 
an  JBgredient  of  nearly  all  animal  and  vegetable  compounds. 

188.  Preparation- — Oxygen  is  a  gaseous  substance,  and  may 
be  obtained  from  several  sources;  but  tbe  best  method  to  procure 
it,  wben  only  a  small  quantity  is  required,  is  to  heat  an  ounce  or 
less  of  chlorate  of  potssh  in  a  green  glass  flask  or  retort.  This 
sail  is  composed  of  chloric  acid,  ClO^,  and  potash,  KO;  and, 
■when  boated  nearly  to  redness,  gives  up  tbe  wholo  of  its  oxygen, 
as  shown  by  the  following  formula.     Thus, 

KO,C105  =  KCl  +  60i 
each  atom  of  tbe  salt  yield  n        e   tn       f      1     d    of  potassium, 
and  sis  atoms  of  oxygen      Th    p  u       ds  better  if,  before 

QOBSTIONS. — NHme    iJie  h         d    fifth    gi'oupa. 

187.  What  important  fticta  m                             h      ry  of  osygen ! 

188.  Describe  the  mode  of  g        gn       m    b    rateofputath? 
How  is  it  to  be  collected? 
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heating,  tlie  &alt  is  intmiatdy  u  ixed  w 
dered  peioxide  of  manga  net,  or 

The    aooonip  1113  ing    fi^uie 
will   serve    to    illustrate    tlic 
nningement  of  the  ■^ppai'itus 
rci^uued   fDi   tbe    es 
The  ?alt  containel  in  a  ret 
IS   heatol    hy    i    spirit  lira 
which  I  lodut-es  no  smoko,  ai 
tbe  gna,  aa   it  foim  ,  pisses 

UDder  a  leceiyer  filled  with  witer,  and  placed  on  %  Ehdf  m  a 
jjneumatio  oiatern,  a  eeetion  of  which  it  shown  10  the  fl^jUie 
The  receiver  is  open  at  the  bottom,  and  it  is  first  lilled  wifh 
water  by  plunging  it  in  the  ciattm,  and  then  bringing  it  to  its 
upright  position,  and  raising  it  carefully  to  its  phoe  upon  the 
bhtlt,  which  13  just  beneath  the  Buriace  of  thi.  w-itcr  The  water 
uses  in  tbe  receiver,  in  coo'sequence  of  the  atmospheric  piessuie 
(sea  the  anthora  ^afwal  Pkilotoph^,  p  135),  ind  when  tbe 
gjia  IS  forcpd  undeineith  it,  it  rises  in  bubbles,  displacing  the 
wutir,  and  OLCU]yiog  the  highest  part  of  the  leceiver, — the  shelt 
b  ppdh  p  towh  paa 

w    d       d  h    w 


p  h  p    d  b 

d  m  mbe         b  h  w     h  b 

nation  of  tbe  same  elements  after  tbe  change  has  been  produced. 

There    must  therefore  be  found   represented  in   each   member 

of  tbe  equation  tbe  same  elements  (and  no  others),  and  the  aamo 

QuBS'iioNS, — 189.  IVIiat  is  the  design  of  the  eqnatioii  in  thu  preceding 
pniagraph!  What  is  expressed  in  the  first  mambor  of  the  equation? 
What  in  the  second  ?  What  is  required  in  the  tno  members  in  equations 
of  this  kind  ? 
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nipmbev  of  atoms  of  ca  h  ekment  Tliu«,  in  the  above  oquat;on 
we  have  represunted  in  eieh  nunibei  1  eq  of  poliaBiwni,  1  cq  of 
chlorine,  and  6  eq  of  oxygen  Of  course,  if  the  sum  of  tliesa 
wai-e  represented  in  minibBT",  it  would  be  tbe  same  foi  each 
member.     These  lemarks  apply  in  all  similai  eases 

Wlien  a  large  quantity  of  osygen  la  to  be  obtained,  it  is  inrrfl 
economical  to  make  T]=e  of  saltpetre  (nitrate  of  potast) ,  but  a 
much  greater  heat  ib  lequired  to  decompose  it,  and  an  iron  retort 
must  therefore  be  sul'stitufed,  instead  of  gJass  The  iron  vetort 
containing  the  saltpotre  is  phtcd  m  a  furnace,  the  heat  of  which 
ean  be  easily  regulated,  and  a  lead  tube  i-i  einnected  with  it, 
loading  to  the  ineumntic  cistern  As  soon  as  the  bottle  baa 
attained  a  full  led  heat,  the  gas  begins  to  come  o\er;  and  if  care 
is  taken  to  preient  the  heit  becoming  too  gieat,  very  pure 
oxygen  will  be  (biaine  1  Tbe  changes  that  take  place  are  illua- 
(rnted  by  the  following  fjimula 

K0,N0s  =  K0,N0a  +  2  0. 

Thus,  each  atom  of  nitrate  of  potash  yields  one  atom  of  hyponi- 
trite  of  potash,  and  two  atoms  of  osygen. 

This  gas  may  also  be  procured  from  the  peroxides  of  man- 
ganese, load,  and  mercury,  and  from  other  substances,  A  ready 
method  to  procure  it  from  the  peroxide  of  manganese  is  as  fol- 
lows :  Let  a  fiaak  of  green  glass  be  partly  filled  with  the  por- 
osido,  and  then  enough  strong  oil  of  vitriol  poured  upon  it  to 
moisten  it  tboroughly,  and  then  apply  the  beat  of  an  alcohol 
lamp.  ]Jy  this  process  sulphato  of  protoxide  of  manganese  ia 
furmod,  and  osygen  gas,  as  shown  by  the  following  equation : 

Mn  Oa  +  SOs  =  MnO,  SO3  +  0 

It  is  thus  seen  that  every  atom  of  the  oxide  of  mangaucBo  will 
yield  one  atom  of  osygen.  To  insure  purity  it  is  well  to  pass  the 
giis  as  it  is  formed  through  a  weak  solution  of  pota-oga  by  means 
of  a  three-necked  bottle,  as  shown  in  the  figure  on  next  page. 

QuKSTioKS. — Mny  osygen  bo  prepnrciJ  from  nitrate  of  potash  ?  De- 
toribe  tho  mode  of  picpurhig  it  bj  tlie  use  of  pcroiido  of  uiimgancso  !ind 
j^ulpliui'ie  acid. 
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Wbitever  mode  of  p  ej  ar  ng  t  may  le  adopt-e  1  the  first  por- 
ns  of  gaa  that  cone  o  er  shou  d  W33leiillwdo  escape, 
it  w  11  be  mselwth  at  nosphc  oar  eon  ned  tiaappa- 
t     at  tho  beg  an  ng  of  the  operat  on 

190  It  a  alw  ys  easy  to  calculate  the  qu  n  y  nf  oxygon 
eb  any  j,  ve  i  quant  ty  of  mater  ala  we  may  dcs   e  to  use  will 

We  TV  1  Buppoae  that  1  oz  of  chlorate  of  potcbE  a  o  be  e  loyod, — 
w  nn  J  cub  c   nol  es  of  osyfeon  w  U  t  a£f    d 

There  are  in  each  equivalent  of  the  chlorate  of  potash  1  eq-jJf  potash 
d  I  eq.  of  chloric  acid,  composed  as  followe,  viz : 


<  =,47-1  i,. 


Tjhieh  48  parts,  or  6  eq.,  are  oxygen.  We  havu  thea  the  following 
^portion ; 

122-5  !  48  !  :  480  :  I, 

ienoe3;=:188  grs.  forth*  weight  of  the  oxygen  in  1  oi.  of  the  chlorate. 
■n  100  oubio  inches  of  osygeu  (192)  neigh  34-28  grains^  and  we  have 
jrefore  tliis  proportion : 

84-28  :  100  :  :  188  :  x, 
X  =  548  cubic  inches,  or  about  2i  gallons. 

QoESTiON. — 190.  Supposing  the  chlovnle  of  potash  useil  to  prepare  the 
i,  hoir  may  we  calculate  the  quantity  that  may  be  produced  fi'om  an 
nee  of  the  salt? 
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r 


r^ 


h    ii  I 


I 


jy  pi  ante 
sprig  of 
which  U 
g- water,  and 
of  water,  as 
be  placed  in 
t  short  time, 


I  h         L,       y,  of  the  sun, 

I  A  bubbles  of  gas  mill  he  seen  collecting  ii 

{  1 1  ita.  part  of  the  glass,  which  is  nearly  pure  osygaa, 

192.  Properties. — Pure  oxygen  is  a  colorless  gas,  without  odor 
or  taste,  and  has  neyer  yet  been  reduced  to  the  liquid  state  hy 
any  degree  of  eo!d  or  pressure.  It  is  Tery  slightly  absorbed  by 
water,  100  cubic  inches  of  that  liquid  taking  up  3  or  4  of  the  gas. 
It  is  heavier  than  air,  1 00  cubic  inches  weighing  34-28  grains,  while 
the  same  volume  of  air  weighs  only  31  grains,  the  temperature  be- 
ing at  60°  F.,  and  the  barometric  pressure  at  30  inches.  Its  density 
is  thoiefoie  1  106  It  hia  a  yei  y  extensive  range  of  affinity ,  enti,r 
II  a;  mto  combination  with  all  the  other  elements  except  fluorine 

Oxygen  is  a  powerful  suppoitei  of  Combustion     and  all  sub 
'.tiices  that  aie  capible  of  burning  in  th^  open  iir,  bun  in  it 
with  fir  greater  bnlliancy      A  Jieeo  cf  wood    on  which  the  least 
epaik  of  li^ht  IS  msiHo,  bursts  into  flame  the  moment  it  is  [ut 
into  a  jar  of  oxygen ,  a  recently  estinj^uished 
cindle,  with  the  least  sjark  of  fire  upon  the 
wick    IB  ielii,h(ed,    lighted   chaieoal  euiita 
liiiutifulscintillatuns,  aDd]hisphoiusburDa 
with  so  puweiful  ^nd  dazzling  a  light  that 
the  eye  cinnot  beir  its  impresaion      Even 
lion  and  stei.!,  which  ue  not  commonly  ranked 
among  the  inflammables,  undergo  rapid  com- 
bustion in  oxygen  gas. 

The  combustion  of  iron  and  steel  is  effected 

bj  introducing  it  in  the  form  of  wire  or  thin 

slips, — as    pieces    of  watch-spring,  — into   a 

Iron.       vessel  of  the  gas,  aa  shown  in  the  figure.    The 

— 191.  How  may  it  be  sliown  that  plants  evolve  oxjgen 
under  the  inHuenue  of  light?  192.  Whot  oie  some  of  tlie  propertiea 
of  oxygon^  Why  is  it  called  a  supporter  of  combustioiil  Wliy  is  a 
candle  receutlj  eitinguiBhed  relight^  when  plunged  in  the  gas! 
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combustion  ia  commeiioed  by  attaohiag  to  tte  lower  est.remity  a 
piece  of  sp^llk  or  other  combustible,  which  ia  ignited  the  moment 
it  is  to  be  introduced  into  the  gas.  Aa  the  combustion  progresses, 
if  the  oovk  is  tight,  the  water  contaiaecl  around  tlie  bottom  of  the 
receiver  in  the  shallow  dish  is  seen  to  rise,  and  more  must  be 
poured  in,  to  prevent  the  entrance  of  air  from  without.  This  is 
occasioned  by  the  absorption  of  the  oxygen  bj  the  iron,  to  form 
oside  of  iron  which  falls  in  melted  globules  into  the  dish      When 

1  hted  candle  s  let  down  by  T  w  e  nto  a 
jar  of  lb  H  gag  as  n  the  figure  tho  case  is 
1  ffe  cnt     the  can  lie  b    as  f     a  t  me  v  tl     a 

eased   jlenlor  b  t  soon  the  flame  beg  na  to 
In     sh    '»nd     t   lough    en  rely    laofpar 
w  tbout  a  y  d      nu  un  of  tl  e  volume  of  ^  a 

onta  nod  w  ih  n  If  the  cand  e  be  rel  h  ed 
a    1  r    u      d  to  the    eoe  ve         a  now   n  taat  y 

^t  n^u  shed    the  gas   hav    g  lost  eat  rely 
I  ower  of  support  ng  coaabus  on      The  reison  { 

s  that  the  osy^e    haa  d  sappeared  ani  a 
f,      carbon  c  ac  1  COa  ta  en    ts  place  wl  oh     "^ 
1   s  exactly  tbo  same  volume  is  the  osygen  f  om 
1       ed      If  a  J      e  oi  bu  n  Ojj  charcoil  1  ad  been  « 


)  Idh 


.   le 


I  the  result 


mi  IS  usually  attended  by  the  < 


bustible 
ution  of 


193    0    I       r; 
m    tcF  w   b  oxjjj( 

1  it  nnd  1  ght  A  now  sub  ta  oe  s  also  1  rmed  wh  cl  may  b 
solid,  liquid,  or  gaseous.  When  iron  is  burned,  a  solid  product 
(oside  of  iron)  results,  which  just  equals  the  weight  of  the  iron 
and  oxygea  together,  that  have  disappeared  during  the  opera- 
tion. It  is  evident  that  in  every  case  the  product  of  the  com- 
bustion must  be  equal  in  weight  to  that  of  the  oxygea  and  other 
Bubstance  which  have  combined. 

Combustion  may,  however,  be  produced  without  oxygen;    a 

1  and  Bteel  be  made  to  bum  in  the  gas  % 
ia  burned  in  this  way!  IVIiy  does  tb« 
niiLci  iiou  111  ijic  iKtBivei- aa  tlie  combualion  progresses?  Wbj  is  nol 
the  same  otfect  produoeil  nben  a  candle  is  made  to  burn  in  the  gas ! 
103.  IVhat  is  ordiuarj  conibastioii  ?  May  combualion  be  produeec 
wilbnut  osjgeu  t 
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heat  js  also  produced,  siniplj 
by  blowiDg  witi  a  proper 
blowpipe  through  the  flame 
of  B,  kmp  or  candle,  which 
is  sufficient  for  numerous  small  operations. 

A  better  form  of  the  blowpipe  is  represented  in  the  next 


t  ^t  the  angle  is  designed  to  retain  any  moisture 
that  may  enter  the  tube  from  the 
mouth. 

In  using  the  blowpipe  the  flame 
is  driven  violently  to  one  aide,  iis 
shown  in  the  figure;  and  the 
greatest  heat  is  found  just  be- 
yond the  point  of  the  inner  flame. 
If  pare  oxygen  is  used  with  the 

Qde'tiobs — What  18  the  great  source  of  artificial  light  and  Leal? 
Wbat  subHtanoes  do  we  use  fnr  fuel  when  light  is  to  be  produced  !  Wlii.t 
is  the  use   of  tlio  blowpipe?     At  what  point  in  the  flame  ia   tlie   hctil 
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blowpipe,  instead  of  atmosplicric  air,  aa  may  easily  be  done,  the 
heat  produced  becomes  much  more  iutense. 

194.  Secptjation  is  also  supported  by  osygen  cjii'.  whicb  is 
absolutely  essectiil  to  tbe  prnct'^s,  no  aaimal  can  lue  in  -va 
atmo'pliere  that  does  nut  coatam  it  A  small  animal,  as  a  bird, 
confined  in  a  cluse  bos,  feels  no  loconvenienoe  foi  a  time,  but 
the  osygon  giadaally  la  absorbed,  carbonic  acid  ^aa  faking  its 
place,  and  re  puation  ber  imea  la!  oiious,  until  at  leagtb  the  am 
mil  dies  for  the  wint  of  oxygen  Pure  oxygen,  howeve!  does 
not  answer  the  puipjses  of  respiration,  as  it  esc  tea  the  vitil 
action  too  muoh,  producing  yiiious  infiamHiatorj  sjmptora'i,  and 
at  length  death,  as  tbe  result  of  the  over  action 

195  Maiipului  m  of  Gates  — The  geneial  metliol  of  colic olirg  oiygen, 
dBBoribed  above  answers  fir  all  the  gaeea  that  ara  not  aVsoiljed  bv 
water  In  the  same  mode  also  a  feis  tony  bs  transferred  fiom  one 
reoeiTer  to  another  When  a  gaa  la  to  be  collected  thatia  lirgelj  ab 
sorbed  bj  ttater  some  othei  liqmi  must  be  useJ  as  meicury  or  a 
saturated  solution  of  "ill  oi  the  an  may  be  remove  1  by  the  an  ]  \a  p 
and  then  the  gas  admitted. 


HYDROGEN. 
;,  H      ZV,  ?  ID  0  0   9 

196.  History.— Th  g  wa  £  t  d  sc  b  d  ly  Cav  nd  sh  n 
1766,  and  received  from  h  m  the  ame  of  nfi  n  n  all  a  be 
cause  of  its  combust  b  1  ty  It  has  eee  ved  Is  p  e  nt  nan  o 
beoause  it  forma  a  pait    f  wat  r  (^f  om  7   (?      w  t      and  j 

to  produce).     It  is  not  f  und  f    e    n  na  u  e  but  c  n  t  tu      on 
ninth  part  of  water,  and  ent    a    nto  n  a  ly  all    n  mal  and 
table  substances. 

197.  Preparation,— Hyl  o  en  alw  ys  p  o        111 
decomposition  of  wat      e  th     d       tly  o     n  1      tly      Tl     i       t 

QtTBsTlONS. — 194.  la  osygen  aaoeaaorj  for  the  support  of  respiration  ? 
Will  pure  osjgen  anawer  the  purpose?  195.  What  is  meant  by  tlie 
manipulation  of  the  gases  ?  When  a  gas  is  to  be  ooUeoted  tJiat  is  largely 
absorbed  by  water  what  ia  the  course  to  be  pursued?  196.  What  facta 
are  mentioned  in  the  history  of  hydrogen  ?  Why  has  it  been  called 
inflammable  air?  Why  is  it  now  called  hydwgm?  107.  From  what  is 
this  gas  always  prepared? 
16 
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method  consists  in  passing  the  vapor  of  water  over  metallic  iron, 
heated  to  redness.  This  is  done  hy  putting  iron  wire  or  turnings 
into  a  gun-harrel  open  at  both  ends,  to  one  of  which  is  attached 
a  retort  containing  pure  water,  and  to  the  other  a  hent  tube.  Tlie 
gun-barrel  is  placed  in  a  furnace,  and  when  it  has  acquired  a  lull 
red-heat,  the  water  in  the  retort  is  made  to  boil  briskly.  The 
gas,  which  is  copiously  disengaged  as  soon  as  the  steam  comes  in 
contact  with  the  glowing  iron,  passes  along  the  bent  tube,  and 
may  be  collected  in  convenient  vessels,  by  dipping  the  free 
extremity  of  the  tube  into  the  water  of  a  pneumatic  trough. 

The  arrangement 
of  (hi,  appii  itus  Will 
be  =ei.n  bj  the  ac 
pinying  figure 
A  retort  a  con 
t^lns  the  water  hb 
11  the  fuinace,  with 

1.I^;l     no.  Hidcsan  (j,g    gutl  b  inc]    C  C, 

hiijh  are  the  non  tuiningg  tu  be  heated   and  at  the  left  is  the 
i\er  to  collect  the  gas  as  it  h  foimed 

he  Bccfud    01  indirwt  method    whn,h  la   the   one  usually 
lunaisls  simfly  in  dropping  pieces  of  znio 
(or  iionj  irto  sulphuni,  acid    diluttd 
with   Eve   or  sis   times  its  weight  of 
water,  and  contained  in  a  convenient  re- 
tort.    Action  immediately  commences, 
without  the  aid  of  heat,  and  the  gas 
may  be  collected  over  water.      A  jar 
prepared  as  in  the  figure  is  very  con- 
venient for  the  purpose.      The  water 
and  zinc  are  first  introduced,  and  aftot 
"■        the   cork  with  the  tubes  is  carefully 
!,  the  acid  is  poured  in  through  the  long- 
tube  leading 


idopted  in  praotice    ■ 


1  ot  Ilyaros 


inseited  in  its  pli 

necked  funnel      The  gas  is  collected  by  means  of 

fiom  the  cover  to  a  receiver,  as  before. 
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Hydrogen  gas  is  also  very  ri.aUily  procured  by 
the  action  of  metallio  potassi  iin  ri  «ti:l  um  upcri 
water.  A  small  receiver  is  first  iiled  with  water, 
and  then  a  piece  of  the  metal,  wrapped  in  bibulnus 
paper,  is  quickly  placed  under  it,  as  soon  as  the 
paper  becomes  moistened,  violent  action  takes 
place,  and  the  hydrogen  that  is  liberated  rises  to 
the  upper  part  of  the  reoeivor  This  method,  on 
aocouut  of  the  high  price  of  potassium  and  sodium,  ^"^^"^J" 
is  very  expensive.  poiasBium 

198.  Properties. — Pure  hydrogen  gis  is  without  color,  odoi,  or 
taste,  and  refracts  light  powerfully  It  has  never  yet  been  reduced 
to  the  liquid  stat«  It  does  not  support  respiiation,  but  iiny  be 
breathed,  when  mixed  with  air,  without  injury. 

It  is  the  lightest  substance  knDwn,  being  sisteen  times  lighter 
than  osygen,  ind  more  than  fourteen  times 
lighter  than  atmcpherio  air,  100  cubic 
inches  weighing  only  2  14  grains  Soap- 
bubbles  fillel  with  it  rise  readily  through 
the  air.  They  miy  be  formed  lery  oasily 
by  attaching  a  common  tobicco  pipe  by  its 
stem  to  a  ga'»  bottle  flilel  with  the  gas,  and 
f  rcing   out   the  gas  slowly   ) 


I  witli  Hjdiijgeo. 


after  dippng  the  mouth  of  the  pipe  in  a  etiong  solution  of  S' 

Hydrogen  gas  is  em  nently  coml-u'*tible,  and 
burns  with  a  fpeble  yt-Uow  sh  flime  This  may 
be  shown  by  pcuring  some  hlute  sulpl  uno  acid 
upon  some  pieces  of  a  nc  in  a  vul  and  inserting,  a 
ooik  with  a  small  gla..s  tube  or  p  pe  stem  as  shown 
m  the  a  company  ng  flg  ire  In  a  short  time  a  ii.t 
of  hydrogen  w  U  issue  from  the  tubo  and  may  be 
inSamed  This  is  often  described  as  the  philoiio- 
phi  al  cafidle 

QiiESTioBa. — Describe  the  mode  of  prepming  hydrogen  tiy  the  u»b 
of  metallio  potassium.  108.  Mention  some  of  the  propai-ties  of  hydrogou. 
What  is  tho  weight  of  100  cubic  inihea  of  fie  gas  1  Wliat  is  aaid  of  Boap- 
bubbles  formed  with  it?  flow  nay  it  be  showa  that  the  gas  is  Gom. 
bustible  1 
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If,  now,  as  the  jet  continues  to  bi 
b-ilf  in  inch  or  more  in  diaract  r  anil  oiio  or  two 
feet  lon^  be  held  over  it,  and  propeily  managed, 
1  ckar  mub  cil  noto  will  bo  produced,  its  pitch  de 
^  pending  upon  the  length  and  diimettr  of  the  tule 
It  ii  oocs'sioned  bj  nucce^siye  esplosioni  within  the 
tubt,  which  follow  each  other  so  japidly  as  to  cause 
the  air  m  the  tube  to  vibiate,  as  in  a  musical  ini^tru 

The  following  is  an  interesting  and  instinctive  es- 
peiiment  with  this  ^  s      Let  "i  bell  glass  rcceiiei  be 
^         fillei  with,  it  10  the  pnenmatio  cisti.ni,  and  then,  care 
-udV    lully  hftjng  It  with  tbo  kft  hand,  with  (he  right  hand 
.  up  into  the  interim  a  lighted  candle,  aa  repicsented  in  the 
annexed  fij,nre      As  the  flime  enters  the 
hydrogen,  it  will  talie   file  with   a   slight 
eiplosion,  ind  continue  to  bum  wheie  it  is 
m    fontjct  wilh    tho   an ,   but  the   candle 
b(  ng  c  rricd  faithemjwiid  into  the  pure 
hjdrogen    will  be  cztinguished      The  hy- 
drogen, being  combuslible,  la  mflimed  by 
the  burning  candle,  but  cot  being  a  sup 
porter  of  combustion,  the  candle  is  estia 
^uiehed  as  aoun  aa  it  is  suiroundcd  by  it 
The  ^13  IS  retained  in  the  receiver  when 
1  fted  fiom  its  f  lace,  because  of  its  being  so 
Hjflrog™  not  a  s  pporto  muoh  lighter  than  air 

109  Hvdrogen  teing  tlifl  lightest  substance  known  is  mndo  ui 
iorunauts  loi  hlling  their  balloons.  The  buoyanry  if  a  1  alhn 
with  it  IS  easily  oalonlati'l  Thu"  100  cubic  inches  of  air  v 
)1  grains  the  weight  of  a  cubio  foot  will  be  535  68  giainf 
thawaiEbt  of  an  eivml  volime  of  hydrngeuirill  be  bnt  30  98  grains 
Now5d568— 8698  =  40=l"0  grains  Th  s  number  multiplied  by  the 
1  imbei  of  cubic  feet  in  a  balloon  will  give  in  Troy  giains  the  we  ghj 
lequired  to  be  added  to  make  it  ot  «q  ill  weight  wiCli  Uie  air  displaced , 

QlEtnoNS  — Des  i  Ve  tl  e  mode  of  iiodncing  mnaicnl  sounds  How 
miy  it  be  shown  Ihnt  the  gas  does  not  eipiort  con  bi  tion  '  fliU  tl  o 
hydrogen  ifeelf  be  inflamed  in  the  eircrnn.nt'  1^1  IM  v  h  1  j  t  050  i 
selected  for  filling  lalloons'  DeBciihe  tl  0  metli  d  tf  oU  ulal  rg  tie 
weight  a  balloon  will  saat^m  lu  the  an 


of  by 
filled 
ighing 
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(iiid  if  it  ia  loaded  with  anytliing  lesa  than  this  it  will  aaoencl.     Tbe  weight 
o!  the  balloon  itself  is  of  oonrse  always  to  be  taken  into  the  account. 

Coal  gas  being  alwajs  on  hand  where  there  nre  gas-works,  though  much 
heavier  than  hydrogen,  ia  now  cuich  used  in  balloons  in  eonsequcnoB 
of  its  being  cheaper,  the  balloon,  being  of  course  made  proportionally 
larger. 


Compounds  of  Hydrogen  and  Oxi/gen. 

There  are  only  two  oompouads  of  these  substancca  Imown,  the 
nrotoside,  or  water,  and  the  peroxide ;  and  the  latter  is  alto- 
gether an  artificial  product,  of  difficult  formation. 

300.  Protoxide  of  Hydrogen,  or  Water, — HO,  or  Aq.;  eq., 
(1-1-8  =)  9. — This  compound,  considered  in  all  its  important 
relations,  and  abaolutely  universal  diffusion,  is  probably  the  most 
important  subsfance  known  to  man.  It  is  the  sole  product  of  the 
combustion  of  hydrogen,  whether  in  the  open  air  or  mixed  with 
oxygen  gas.  In  the  esperiment  for  producing  musical  sounds, 
the  water  that  is  formed  will  bo  seen  to  condense  in  considerable 
quantity  on  the  inside  of  the  glass  tube,  at  the  beginning  of  the 
I  oces'f  but  it  will  be  einpt  ated  when  th    'ube  becomes  hot 

ihe  aflimty  of  iiyuioge  i  foi  oxj^ea  is  very  ^leit  ^  t  tl  c  two 
..ibCS  do  not  combmo  bpoutaneoualy  evau  if  kt.[.t  togt,tIiei  loi  any 
1  ngth  of  time'  AVe  hive  seen  above  {lt)2)  that  two  measures 
oi  hydiogen  comline  with  exactly  one  meaoure  of  osygen  and 
i,ne  mixtuie  miy  be  exploded  by  the  apptoach  of  flame  by  the 
fleetiio  "ipaiL  by  intensely  heated  metd.1  or  by  the  meie  piesenoe 
of  spongy  platinum  a  substance  that  will  be  desonbed  hereafter 
'''o  explode  the  mixed  gises  by  the  eleotrit,  spark  the  spark  must 
"-e  male  to  jaaa  thiougb  them  TLia  is  acconplohed  in  the 
'oUowing  manner  A  sm  11  metallio 
\ts=el  as  a  niniatuio  can  ion  has  a 
metalho  wire  "W  mterfed  in  one  si  le 
through  a  piece  of  wood  or  ivory,  so  Hystogen  Piaioi. 

m  to  extend  nearly  through  to  the  other  side,  as  shown  in  the  figure. 

QnESTioNa. — Why  is  eoal  gas  now  often  used  aa  a  eubstitule  foi 
hydrogen  in  filling  balloons!  How  many  compounda  of  hyctrogen  and 
csygen  are  known?  200.  What  is  protoxide  of  hydrogen!  What  ia 
anid  of  the  affinity  of  Iiydrogeii  for  osjgen  ?  In  what  proportion  do  they 
combine  by  measure !  Byweii^ht!  HowmayChemixedgasos  be  exploded? 
16* 
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Tlic  p  ece  13  Alii  to  be  filled  with  tlie  51  pci  u  istuie  of  the  ^i=cs, 
f  ij  1  a  tcik  C,  inserted  in  tiia  muzzli.  If  now,  a  apark  tf  eltc 
t  lutv  be  communif  ited  to  the  ball  of  th^  w  le  'V^ ,  in  e&ejp  ug 
fiom  the  other  end  t  ignites  the  gisei  and.  the  corL  is  foiced  out 
with  a  loud  reiort  It  a  misture  of  e^ial  parts  ot  hydrogen  and 
atmoapheno  air  is  used,  the  efiect  will  be  nparly  the  s  me 

The  esplosion  whioh  iBOompanies  the  union  of  theii,  ^^se^  is 
occasioned  by  the  great  espansim  of  the  gises  it  the  momtn 
ot  cotnlination,  in  consequence  cf  the  heat  developed  Th  s  i9 
the  only  rational  espknition  that  can  be  given,  and  jet  it  is  a 
fact  that  this  combination  is  attended  by  a  oontrattinn  of  one 
thud  of  the  \olume  of  the  mixed  gases  in  forming  the  vapor  ot 
water  (162)  to  say  nothing  of  the  still  gieater  eontiaction  which 
fates  place  by  the  coadensatiou  of  the  steam  that  is  found. 

This  espansion  takes  place  apparently  with  great  violence;  hut 
by  using  a  strong  receiver  for  the  mixed  gaaes  it  may  be  restrained, 
and  then  the  combination  takes  place 
without  iny  report.  The  figure  in  the 
margin  represents  a  piece  of  apparatus 
for  this  purpose.  A  strong  glass  globe 
three  or  four  inches  in  diameter  has  a 
metallic  cap  upon  the  neck,  upon  whieb 
a  cover  is  firmly  screwed  after  the  mixed 
*  gases  are  introduced.     From  each  side 

of  the  globe  is  3  projection  or  neck,  with  a  metallic  cap,  through 
which  wires  are  inserted  so  as  nearly  to  meet  in  the  centre.  When 
tlio  globe  is  charged  with  the  mixed  gases  the  electric  spark  ia 
passed  between  these  wires,  and  the  gases  at  onoe  combine,  but 
without  explosion,  a  slight  flame  only  being  seen  at  the  instant. 
The  inside  of  the  glass  becomes  covered  with  dew  from  the 
moisture  produced,  and  when  the  cover  is  unscrewed  the  rushing 
in  of  the  air  attests  the  vacuum  that  has  been  formed. 

The  ignition  of  hydrogen  by  spongy  platinum  is  well  shown  by 
holding  a  small  piece  of  this  substance  in  a  jet  of  the  gas,  by 
means  of  a  small  wire  twisted  round  it.     The  platinum  must  be 

Questions.— DeEcribe  tlio  pistol  for  exploding  the  giisee  by  (lie  eleotrio 
fparli.  Wbat  oocasions  the  grant  espansion  that  taltea  pla^ic?  Miiy  the 
^asts  be  made  to  unite  without  an  esplosiou  1 
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apia  d        h        p  S         b    pi 

T"  to  inflame  (he  jet  of  hydrogen,  frim  wli  ch 
at  once  lighted     The  pl-itmum  sponae  oft^n 
loses  its   [loperty  of   mfiimmg    hidio^i,n 
but  recovers  it  igiin  by  being  heated 

A  metallic  oup  of  hilt  a  pint  cijatify 
filled  with  the  mised  gi^es  and  imeited 
o\cr  1  small  piece  of  pbtinum  eponge  s  if 
[oitt,d  a  little  aboie  the  table  by  a  ni  e 
will  be  tliiown  npwaid  to  the  ceiling  bj  thi. 
explosion  piodaoed 

301    Tht.  compmind  hhup  pe    which  la 
nil  mventun  of  Dr  Hare  ol  IhiladJihia, 
H  a  contrivance  by  which  two  jets  one  of 
bj  Irogeu  and  another  of  osys^en  aie  male 
tc  issue  together  and  ore  inflame  1  ia  they  c- 
biought   by  tubes   fiotn  "ieparate 
gas-holders,  so  as  to  disohirge,  Ti 
neur  aa  may  be,  two  measures  cf 
hydrogen  to  one  of  oxjgen      The 
heat  produced  by  this  instrument 
is  very  great,  probablj  exceeding 
that  produced  by  any  other  means. 


QuBSTioNS. — Describe  the  hydrogen  fire  apparalus.  Peacvibo  tlio  e 
pevimant  nith  the  spongy  platinum  and  the  metallic  cup.  201.  Descril 
(he  compoxmd  blou'pijte.     What  is  said  of  the  heu,t  vrUich  ia  produaed  ? 
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Platinum  and  other  substances  iooapable  of  fusion  in  the  hottest 
furnaces,  are  melted,  and  often  even  volatilized  bj  it.  A  small 
piece  of  lime,  held  in  the  flame,  becomes  intensely  beafedj  and 
glows  with  a  brilliant  liglit,  exceeding  any  other  that  can  be  pro- 
duced avtifloially.  It  is  known  under  the  name  of  the  i)r«OT. 
mond  light,  and  is  much  used  for  practical  purposes. 

202.  Water,  at  ordinary  temperatures,  is  a  transparent,  color- 
less liquid,  without  taste  or  smeli.  In  the  open  wr,  it  boils  at  a 
fumperature  of  212°,  and  freezes  at  32°.  The  vapor  produced  by 
boiling,  familiarly  called  steam,  is  perfectly  colorless  and  trans- 
parent, and  has  a  density  of  0'622,  air  being  1 ;  100  cubic  inches 
hgl9b  Ithfmf  tsd       tyOQ        A 

h         h    f  p  t  gh      5   458  g       b     g  tl4 1  mes 

h  qll  f        wldwghAhft 

w   £,h     1000  6  1  lb  dp  W  te        p    b  bly 

1      ra    t    i         f  1       1      t    k  It  p  bl      f       m 

1  dfiteppt  wh  yht  fmg 

p       d    wl    h  y  t    em        p    f    tly  d  y      Th  j  lly 

W  A   lyl    t  "^It  f  m      h    h     11  w  te     h      h 

p      t  d  d  t    b        h^J  ov 

patens  never  found  naturally  perfectly  puie,  that  of  wells, 
epiiags,  and  rivew  always  contains  carbonic  acid  and  saline  matter 
in  solution,  obtained  while  percolating  ihrough  iho  soil;  and  that 
from  rain  or  snow  is  impregnated  with  air  and  oxygon,  and  soma- 
times  with  other  gases.  It  is  obtained  pure  only  by  distillation  ; 
and  even  then,  by  standing  for  a  time,  it  takes  up  more  or  less 
atmospheric  air,  which,  however,  does  not  unfit  it  for  the  ordi- 
nary operations  of  the  laboratory  in  which  it  is  required. 

303.  Water  when  it  solidifies  often  forms  beautiful  crystals 
(25)  which  are  best  seen  in  snow  and  frost; — in  ordinary  ice 
tUey  cannot  usually  be  seen,  tbongh  it  is  believed  there  is  always 


Questions. — Whnt  is  said  of  tlie  light  produced  when  a  pieoe  of  lime 
is  lield  in  the  flame  ?  By  what  name  is  Ihis  light  known  !  203.  Wiiat 
is  said  of  water  at  ordinary  tempei'Btures  !  What  are  its  freezing  and 
boiling  points!  What  is  steam!  What  is  its  density!  Wiiat  is  the 
density  of  iee!  Wiiat  is  the  weiglit  of  a  cubic  inch  of  water!  How 
many  times  is  it  lieaTier  than  air?  What  are  the  ohemieai  soinpounds 
of  water  called  ?  Is  water  ever  found  perfectly  pnra  in  nature  '  How 
only  is  pure  water  obtainud  ?     203.  When  wiLter  eolidifies  does  it  take 
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a  proper  crjstaline  arrangement.  The  primary  orystab  belong  to 
tbe  hexagonal  system  fl7S-6),  but  they  are  often  grouped  to- 
^■ether  iu  various  modes,  as  shown  in  the  figures.    Nos.  3, 4, 5,  6,  7, 


and  r  Me  more  common  than  the  simple  forms  Nos.  1  and  2 
Thes^e  \fittor  are  of  more  frequent  oecurrence  ia  hoar-frost  thai 


204,  'Ibe  different  processes  for  procuring  hydrogen,  given 
above,  ro-.pire  some  further  esplanation,  before  we  dismiss  this 
subject,  'i'he  first  raetbod  is  founded  on  the  fact  that  iron,  at  high 
temperatuves,  decomposes  water  when  presented  to  it  in  the  form 
of  steain,  tho  oxygen  combining  with  the  iron  to  form  protoside 
of  iron,  and  (he  hydrogen  being  set  free.     The  changes  are  thus 


no  +  Fe  =  FeO  +  H. 


The  changes  which  take  place  in  the  second  and  lu 

process  for  p.ocuring  this  gas,  arc  more  complicated.     They  are 

represented  in  the  following  formula.     Thus, 

EO.SO,  +  Zn  =  ZnO,SOj  +  H. 

In  this  ease  it  ffill  still  be  seen  that  it  is  the  water  which  supplies 
the  hydrogen.  The  osjgen  of  the  water  ia  transfen-ed  to  the 
zine,  foi'ming  protoxide  of  zinc,  with  which  the  sulphuric  acid 
immediately  combines.     "When  a  piece  of  clean  zinc  is  immersed 


Qdkstioss.— Wbut  is  said  of  frost  und 
sevoral  modee  of  procuring  hydrogen,  and  « 
iLe  ruantiuus  thiir  tako  plane. 


20'1.    Esplaln   t 
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in  water,  little  action  takes  place,  because  the  outiide  lieoomea 
coated  with  a  thin  film  of  oxide  of  zinc,  which  ia  insoluble  in 
water;  but  if  Bulphurio  aoid  ia  present,  this  oside  is  instantly 
dissolved,  and  tJius  a  clean  surface  conataatlj  exposed  to  tho 

In  the  third  process,  tho  metal  itself  at  once  decomposes  a  por- 
tion of  the  water,  forming  a  soluble  oxide  of  the  metal,  and  libe- 
rating the  hydrogen.     Thua, 

no  +  K  =  KO  +  H. 

II  r    tl  e  affin  ty  of  m  ta  1     p  tasa  u  n  f     esv^  n        sufh    e   t 
to  &epuaL      ha  olen   nt  fun     s  u    on  witl    hjdrof,e      a  th 
wato      form  ng  ox  de   of  potass  un    o     pots'isa 
&  eat  1     t    s  p  oduoed   by  the  act  o     and  tho 
hydrogen  1 1  e  ated  ?  inflamed  f  the  esper  a  ent 
a  made  a  the  oj       a        To  show  th  9  all  that  is 
l\^     neoe'!  ay  s  to  th  ow  a  "small  p    ce    f  p  tass    m 
'  uj  on  he  surface  of        e  wat  i   a^    1  own    n  tho 

hgure 

J    lie       V  nic  cu        t     as  a     a  y 

S06   Know  ag  1  a   water  sfnielyleu         of  2  u      ofy 

ih'ogen  and  I  volunie  of  osjgen  condensed  into  3  volumes  of  slonm, 
it  is  easy  to  calculate  the  deneity  of  steam,  nnd  also  llie  quantity  of  each 
of  tliGEe  elements  in  a  given  quantity  of  water.     Thus, 


Two         "        steam        "  1-244 

Oae-linlf  of  this  sum,  or  -022,  ia  then  the  density  of  the  vapor  of  water 
which  is  formed. 
To  calculate  the  quantity  of  each  of  the  elements  ia  100  parts  of  water 


QiiESTioNs.— Is  heat  produced  when  water  is  decomposed  by  potas- 
iiiirnt     205.  What  is  the  doasity  of  slcam!    Describe  the  mode  of  cal- 
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206.  Peroxide  of  Hyflrogen— HOj;  eq.,  {t  +  16  =  )  17.— Thii  sub. 
tince  hfla  been  obtniDod  onl;  in  the  liquid  form,  nnd  nhen  most  con- 
centrated ))0S8es9es  3  specific  gciivily  of  1'452,  It  ia  colorless,  trans- 
parent,  and  without  odor.     It  is  sometimes  culled  osjgeiiiied  water. 

Thongh  it  differs  from  water  only  in  oontaiaiug  an  additional  cquiTa- 
lent  of  oxygen,  it  acta  powerfully  npon  tlie  skin,  prodncing  a  priokling 
sensation,  wHtening  the  surface,  and  destroying  the  testore,  if  the  appli- 
oation  is  long  ebntinued. 

If  the  temperature  is  raised  us  high  as  59°,  it  is  decomposed  and  ooii- 
verted  into  Water  and  oiygen  gas;  a  Budden  elevation  of  temperature 
BTen  causes  an  explosion.  It  is  also  decomposed  by  tjie  action  of  nearly 
all  tlie  metals,  and  many  of  tbe  metallic  oxides.  Diluted  with  water  or 
mixed  with  some  acid,  it  is  less  liable  to  decomposition  than  when  pure. 


S'jmhol,  N ;  E^wahn/,U;  Densi!7/,Q-912. 

207.  History.— The  exiBtence  of  tliis  element  has  been  known 
siDce  1772;  and  it  was  recognized  as  a  constituent  of  the  atmo- 
sphere in  1775.  It  was  first  called  azote  (from  a,  privitire,  and 
aoe,  life),  because  it  does  not  support  respiration ;  it  receiYcs  its  pre- 
Bent  name  from  the  circumstance  that  it  forms  an  ingredient  of  nitre. 

808.  Preparation. — Nitrogen  gas  is  readily  prepared,  nearly 
pure,  hy  burning  a  piece  of  phosphorus  in  a  receiver  over  water. 
A  small  oup,  C,  containiog  a  piece  of 
phosphorus,  ia  placed  upon  the  surface  of 
the  water  in  the  pneuniai^io  cistern,  the 
phosphorus  ignited,  and  the  receiver  then 
placed  oyer  it.  The  phosphorus  eontiaues 
to  bam,  absorbing  all  the  oxygen,  and  the 
water  rises  to  supply  its  place,  as  shown  in 
the  figure.  The  glass  will  at  first  be  filled 
with  phosphoric  acid  fames,  which  how- 
ever will  soon  be  absorbed  by  the  water. 
Some  vapor  of  phosphorus,  carbonic  acid, 
and  perhaps  a  trace  of  other  gases,  may 

QnESTioBS,— 206.  What  ia  peroirido  of  hydrogen!  Whnt  n 
of  its  properties  ?  207.  How  long  has  nitrogen  been  knonn?  V 
it  first  called  !  Why  lins  it  veoeived  its  present  name  ?  20S. 
the  mode  of  preparing  nitrogen. 
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nitrogen  thus  prepared  but  it  will  be  fonad  sufficiently  pure  fur 
nea  Ij  j  1  p  pose  Otl  er  pr  ewes  m  j,ht  be  desc  b  J  for  [  o 
cu  n^  na  by  p  ng  a  c  rre  b  t  cb]o  ne  a  tb  o  j,b  o  „ 
a  jua  m  on  i  b  t  th  bove  s  the  most  a;  e  ly  and  conve  ect 
209  PiOfeities — lure  n  t  ogen  s  a  col  e  ■;  ^as  who  ly 
do  o  1  of  s  ell  aud  ta  te  and  b  s  ng  shed  f  om  ot  er  ga  s 
n  ore  bj  e  at  e  eh  -aoter  than  Vy  an}  s  k  ng  ]ua5  ty  It  a 
not  a  upj  orte  of  combust  on  but  on  the  contrary  est  n^u  fihcs 
all  burn  ug  b  I  ea  that  a  e  m  ne  aed  n  t  ^. 
tap  mmerael  n  t  s  ex  ngushei  at  o  oe  ho 
in  1  c  n  1  Q  but  yet  it  eserta  no  njuno  a 
■i  t  on  e  1  er  0  the  lungs  or  o  ti  e  system  at  la  ge 
t  e  p  at  on  of  osy{,c  gas  be  ng  the  sole  cause 
of  le  ]  It  s  not  nflammab  e  lie  Ijdro^e 
th  gh  u  d  f  o  ab  e  c  cun  stances  t  may  be 
n  ade  to  u  te  n  b  oxygen  It  a  s!  ^b  ly  da 
solved  1  y  water  aud  a  so  net  u  es  fo  nd  a  tl  e 
water  ot  m  ne  al  p  n^s  aa  at  Leban  n  n  tl  e 
S  ite  ot  \  w  1  k  100  cub  c  inol  es  ot  1  e  «■ 
weigh  3010  gra,,  giving  a  speoiflo  gravity  of  0-97. 


by  h 


d      n       h^ 

d       w  h 
P     <3      I 


QpEBTiONS. — la  the  nitrogen  thus  obtamed  pure  !  209.  What  are 
some  of  the  properties  nf  i.ifrogen  ?  210.  What  is  (he  almasphere? 
Wiiftt  are  some  of  the  properties  of  ntmosplierio  airl  What  ia  the 
weight  of  100  eabio  iaiJies? 
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Atmosplieric  air  is  composed  of  nitrogea  and  osjgen,  with  a 
variable  propotlion  of  carbonio  acid  and  wateiy  vapor,  and  usually 
a  trace  of  ammonia.  Besides  tbcse,  there  msy  occasionally  be 
other  substances  present,  depending  upon  local  causes,  as  tho 
odoriferous  principle  of  plants,  and  the  miasmata  of  marshes, 
which  ia  supposed  to  be  the  chief  cause  of  disease  in  inaoy  u 
healthy  situations ;  but  they  cannot  be  detected  b 

Insiruments  for  determining  the  relative  pro- 
portion of  the  gases  composing  the  atmosphere 
are  called  eudiometers.  The  following  con- 
trivance answers  the  purpose  very  well  Let  a 
glass  tube,  closed  at  one  end  an  i  gioduated  to 
100  parls,  with  a  small  piece  of  pbosf  botus  sup 
ported  in  it  on  a  wire  near  the  top  be  phced  i  s. 
in  the  figure,  with  the  open  end  immerse!  in  a 
vessel  of  water.  The  phosphor  is  grad  tally  ab 
sorbs  the  oxygen  of  the  air  in  the  tube  and  (1  e 
water  rises  to  supply  its  place  In  one  or  two 
days,  depending  upon  the  tempe  atnre  the  ib 
sorption  will  be  complete;  in!  thi>  numlei 
of  the  division  of  the  tube  now  filled  with 
water  will  indicate  the  proport  on    i  osygcn 

By  the  above  and  other  sin  ibr  moles  of  analjs  s 
that  the  atmosphere  in  100  parts  is  composed  of — 


3  found 


BijXcaiure. 

100 

100 

The  proportion  of  carbonio  acid  varies  from 

2  to  6  parta  in  10,000 

of  air.     A  trace  of  ammonia  is  not  unfccquently  found,  and  also 

of  carburetted  hydrogen. 

The  atmosphere  is  believed  to  extend  to  the  height  of  about 

forty-five  miles,  becoming  continually  less 

ind  less  dense  from  the 

QuESTioNB.— -IVhatistttmospherio  air  eompoaed  oft  What  other  gaseg 
are  also  found  in  it!  What  ia  tlia  deaign  of  eudiotsHsrs?  Describe  the 
mode  of  determining  the  proportion  of  osygen  lij  means  of  phosplionia. 
What  ia  thus  foand  to  be  the  qimntity  of  osygcn  in  100  p.irls  of  air? 
What  ia  the  nsu.U  quantitj  of  earboniu  acid  in  10,000  parte  of  air? 
What  is  the  height  of  the  atmosphare  ? 
17 
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aurfncG  iipwsrt! ;  and  preaaos  by  ifc?  grfivity  upon  tlio  Burfnee  wUb 
a  force  equal,  ordinarily,  to  about  15  lbs.  to  the  sqnare  inoh.  It 
ia  capable  of  supporting  a  column  of  water  about  3-1:  feet,  and  a 
column  of  mercurj  about  30  inches  in  perpendicular  ieight. 

211.  Atmospheric  air  is  highly  compressible  and  elastic,  so  that 
ita  particles  admit  of  being  appvosimated  to  a  great  estent  by 
compression,  and  expand  to  an  extreme  degree  of  rarity  when  the 
tendency  of  its  particles  to  separate  is  not  restrained  by  esternal 
foroa.  The  volume  of  air  and  all  other  gaseous  fluids,  so  long  as 
they  retain  the  elastic  state,  is  inversely  as  the  pressure  to  which 
they  are  exposed.  Thus  a  portion  of  air  which  occupies  100 
measures  when  compressed  by  the  ordinary  atraospherio  pressure, 
will  be  diminished  to  50  measures  when  the  pressure  is  doubled, 
and  will  expand  to  200  measures  when  the  compression  is  reduced 
to  one-half.  But  those  gases  which  are  susceptible  of  condensa- 
tion by  pressure  into  the  litjuid  form,  as  the  pressure  approaches 
this  point,  vary  from  the  law,  the  volume  diminishing  more  rapidly 
than  this  would  indicate. 

The  chief  chemicaJ  properties  of  the  atmosphere  are  owing  to 
the  presence  of  oxygen  gas.  Air  from  whicb  this  principle  has 
been  withdrawn,  is  nearly  inert.  It  can  no  longer  support  respi- 
ration and  combustion,  and  metals  are  not  osydized  by  being 
heated  in  it.  The  uses  of  the  nitrogen  are  in  a  great  measure 
unknown.  It  has  been  supposed  to  act  as  a  mere  diluent  to  the 
oxygen  ;  but  it  most  probably  serves  some  useful  purpose  in  the 
economy  of  animals  and  plants,  the  exact  nature  of  whioh  baa  not 
been  discovered. 

212.  The  qoesfion  has  often  been  discussed,  whether  the  osy^n 
and  nitrogen  of  the  atmosphere  are  to  be  considered  as  ohemiealjy 
combined,  or  only  in  a  state  of  mixture ;  bu*)  the  latter  opinion 
now  generally  prevails.  It  has  been  supposed  that  if  they  are 
merely  in  a  state  of  mixture,  oxygen,  being  the  most  dense,  ought 

Qdestions. — To  itlmt  height  will  the  atmosphere  support  a  ooluran 
of  water!  Of  mercury!  211.  Is  atmoapherio  air  compressible  nnd 
elastic  t  What  is  eaid  of  the  volnme  of  air  and  other  elostio  fluids  iu 
relntioh  to  tbe  pressure  to  wliieh  thoy  may  be  Bubjooteii?  To  wlint  nra 
the  chiof  cbemioal  properties  of  otmospherio  air  owing!  212.  Are  tlie 
oiygan  and  nitrogen  of  tlie  air  to  he  considOTed  chemioally  eonibiueJ,  or 
oalj  in  Qiixtnre  f 
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to  BetUc  towards  the  surface  of  tlio  earth ;  but  it  is  found  by 
osperiment  that  gaaes,  whatever  may  be  their  relative  density, 
wben  brouglit  in  contact,  mix  (39)  uniformly  with  Ciich  other. 
The  mixture  of  the  gases  will  even  take  place  throngh  thin  mem- 
branes, (see  author's  Ifal.  Phil.,  p.  22,)  whether  animal  or  vege- 
table; the  least  dense  of  the  gaaes  passing  the  most  rapidly. 

213.  There  is  still  one  cirounistanoe  for  consideration  respecting 
tlie  atmosphere.  Since  osygen  ia  necessary  to  combuation,  to 
(he  respiration  of  animals,  and.  to  various  other  natural  operations, 
liy  all  of  which  that  gas  is  withdrawn  from  the  air,  it  is  obvious 
that  its  quantity  would  gradually  diminish,  unless  the  tendency 
of  those  causes  were  counteracted  by  soma  compensating  process. 
This,  to  some  considerable  extent,  is  accomplished  by  vegetation, 
as  it  ia  found  that  healthy  plants,  under  the  influence  of  the  sun's 
light,  are  constantly  absorbing  carbonic  acid  from  the  air,  the 
carbon  of  which  is  retained,  while  the  oxygen  is  returned  to  the 
!iir,  as  we  havo  before  seen  (191).  Still,  it  has  been  calculated 
that  the  loss  of  osygen  employed  in  respiration,  over  the  whole 
surface  of  tho  globe,  in  100  years,  would  not  esceed  .jj'jjj  part 
ci'tho  whole  quantity  contained  in  the  atmosphere. 


Comjioands  of  Nitrogen  and  Oxi/rjen. 

214.  Oxygen  conibines  with  nitrogen  in  five  different  propor- 
tions, forming  the  compounds  NO,  NO,,  NO3,  NOj,  and  NO5;  the 
last  three  of  which  are  ao  d 

215.  Protoxide  of  N  o 
gen,  or  Nitrous  Oxiit — 
KO;  eq.,  (14  +  8  )  2 
— This  is  a  perman  n  c  I 
orlessgas,  ofasweet  shta  e 
andsmeli,  lOOcub  nchea 
of  it  weigh  47-22  g-s    and 

QlrEsiioNS.— 213.    flogo  onyabbfn  mp 

!ij  ooiiiljuation  and  by  the  ruspiration  of  auiiaals  ?  By  mhiit  revovao  pro- 
ctas  is  oorbonio  aeid  absorbed  aiiij  osjgeu  restored  to  tbe  atmosphere  ? 
214.  How  manyoompoundaofuitrogeuaud  oxygen  are  there!  215.  Da- 
Bocibe  tlie  pvotoxids  of  niti'ogen. 
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ND      \1    Ef 


its  density  therefore  ia  1-5 

the  figure  on  the  preceding  page  by  heat 

by  means  of  a  spirit-lamj      n  a  ^    -^  ret  rt  to  a  te    pe  a  ure 

of  450°  or  480°.     The  sole  pr  1     ts  of  the  oper  t  o      when 

carefully  oooduoted,  so  as  not  to   a   e  tl  e  tempe  at  re  t  o  1  gh 

are  water  and  the  gas  in  q        on      The  con  poa  t  on  of  n  tn  e 

of  amnionm  is  NHj,HO,NO  — wh  oh  by  beat    s  c  d  e  te  !      to 

2  atoms  of  tho  nitrons  ox  Te  ii  quest  on  and  4  j     n    of  w 

Thus, 

SH„  HO,  NOs  =  4  HO  +  2  NO. 

The  water  of  course  ia  condensed  and  remdiis  with  that  in  tbe 
ciatecD,  while  the  gaa  is  collected  as  in  other  cases.  It  is  slightly 
absorbed  by  water  and  should  not  therefore  be  allowed  to  remain 
in  contact  with  it. 

Some  substances  burn  in  this  gas  with  great  brilliancy,  as  a 
lighted  candle  and  phosphorus;  and  sometimos  the  eombuetioa 
of  iron  wire  in  it  may  be  effected,  bat  not 
without  difficulty.  By  a  pressure  of  about 
30  atmospheres,  at  a  temperature  of  32°,  it 
is  compressed  iato  a  liquid,  which  freezes  or 
b      m        Id    t    b    tl50    bl  w  d 

by  tl  p      t        f  th        1  d  a  t  mp 

tu  1      Uy  1  w      tl    n  th     has  b    n 

It        1 


Its  a  t  th      y  t  m   wh  n  b      th  J 

y      m    I   bl     p    du  psc  ea    f 


^imMU™""'"     nra     il    j7    jff         I       fw  who 

it  has  bi,en  inspired      j  fl    ts  h  Itcd      n  I  t  h     Id 

never  be  bieatbed  but  with  caution 

Sia  The  analysis  of  nitrous  oside  is  made  as  follows;  in  a  given 
quantity  of  Ihe  gns  aocuiately  meaauiaJ  ijitroduoo  a  piece  of  potassium, 
Uie  gas  being  oontajned  in  a  glass  tube  closed  at  one  end  and  a  little  bent, 

Qdbbtions. — How  is  tha  protoxide  of  nitrogen  prepared?  Desoribe 
the  cliemical  cbanges  that  take  place,  and  wnCe  the  equation  illustrating 
them.  Is  this  gas  absorbed  by  water?  Will  it  snpport  conibastion! 
What  is  said  of  its  effects  upon  ttio  sjEtem  when  breathed !  210,  De- 
(oribe  the  mudo  of  analyzing  this  gas. 
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(263)  80  03  to  rcta'm  tLo  potasaium  wljile  tlie  open  end  is  immovaed  in  mer- 
cury. Now  apply  the  bent  of  a  lamp  nud  the  potassium  tnlies  fire  imme- 
diately, ftbsorljing  all  tiio  osygen  and  loaidng  tlie  nitrogen.  This  being 
returiiecl  to  tlie  graduated  tube  in  wbicb  the  gas  was  first  measured,  will 
be  found  to  liave  the  same  volume  as  at  first.  We  learn  therefore  that  the 
pi-otonide  of  nitrogBD  oooupiaa  preeiaely  the  same  irolume  as  tlie  nitro- 
gen containeii  in  it  would  alone  occupy.     Now, 

One  Yolumi 

One        " 

ilalf       "        "       oxyEen,Tery  nearly, -556 


The  same  result  is  olitained  by  passing  a  quantity  of  the  gas  tlirough 
a  heated  porcelain  tube  by  which  it  is  decomposed,  and  1  volume  of 
niti'ogen  and  J  Tolnme  of  oiiygen  obtaiaed. 

217.  Binoxide  of  Nilrogen,  or  Niti-io  Oxide — NOaj  eq., 
(14 -[-16=)  80. — This  is  also  it  gaseous  substance,  and  is 
oasilj'  obtained  by  pouring  nitric  aei'i  upon  pinccs  of  copper 


i,  to  couvcy 

w  y  IS  in  d      Th  m       fit  very  icountely, 

in  order  to  prevent  tbo  escape  of  the  gas,  whioh  is  rapidly  formed 
aa  soon  as  a  little  nitnc  acid  is  introduced  by  tlio  funoel  and 
tube  b.     It  may  be  collected  over  water,  but  a  small  proportion 


The  changes  whioTi  take  place  between  tlie  copper  and  tlio  acid 
ire  indicated  as  follows : — 

4  NOs  +  3  Cu  =  3  (CnO.NOj  +  NO.. 
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Thus,  from  4  atoms  of  nitric  acid  and  3  of  copper,  fiiere  are 
formed  3  atoms  of  nitrate  of  protoxide  of  copper,  and  one  of  iLe 
bjnoside  of  nitrogen. 

218.  EiHoxide  of  nitrogen  is  a  colorless  gas,  of  a  density  of 
1'039,  100  cubic  inches  weighing  a  little  wore  than  82  grs.     Its 
'"^  TOOst  striking  property  is  its  strong  afBnily 

for  osygoD,  although  most  suhstancos  intro- 
duced intfl  it  in  a  state  of  combustion  are 
estingwiabed.  Charcoal  and  phosphoruK, 
however,  if  well  ignited,  bum  in  it  with 
greet  splendor,  though  the  latter  by  careful 
heating  may  be  melted  in  it  without  igni- 
tion. When  allowed  to  escape  into  the 
air,  it  forma,  with  the  oxygen  of  the  air, 
dense  orange  fumes  of  nitrous  acid.  Thus, 
if  a  bell-^lass  receiver,  filled  with  it  over 
w         b        11    Ij  d  in  the  air,  the 


basin  of  pure 
id  then 

gaKomcter,  or 

As  the  oxygen 

h    ,  nitrous  acid 

1     re  iiiiniediately 

g    mg  it  a  slight 

d  by  the  usual 

force    in    t)ie 

■  h  water,  all  the 

Isorbcd  by  the 


QuBSTioBS. — 218.  Baaoribe  binoside  of  nitrogen.  What  is  prodiiceJ 
when  it  oomes  in  contact  ivifb  atmospherio  air  or  osjgen  ?  Deseribo  the 
expenment  nith  a,  reuciver  tilled  nith  tlie  g&s  over  water  and  oxygen  g;iB. 
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Binoiido  of  iiitrogea  may  be  annljied  in  the  same  manner  aa  tha 
protoxide  (216),  by  heating  in  a  small  quantity  of  it,  aocuratelj  mea- 
Buied,  a  small  piece  of  potasMum  or  sodium,  which  absorbs  the  oxygen, 
leaving  the  nitrogen  free,  the  volume  of  which  will  be  found  just  oae- 
balf  of  tJiat  of  the  compound  gas.     Thebinoside  therefore  is  composed  of 


■   the   density  is  therefore,  aa   above   stated, 

S19.  Hypoiiitrous  Acid  — NO^;  eq.,  (14+24=)  SS.—Tbis 
acid  is  formed  \>y  mixing  4  measures  of  binoside  of  nitrogen  with 
1  of  oxygen,  both  perfectly  dry,  and  subjecting  tbe  mixtare  to  a 
cold  at  least  as  low  as  zero.  It  is  a  colorless  liquid,  wbicb  is  at 
once  decomposed  bj  water  into  nitric  acid  and  tbe  binoside.  This 
acid  does  not  combine  directly  witb  bases,  but  its  salts  may  be 
furiued  by  beating  carefully  the  ooi'reBpondiag  nitrates.  Tbns  by 
heating  nitrate  of  pofassa,  a  part  of  the  oxygen  of  the  nitric  acid 
is  expelled,  and  the  nitrate  is  converted  chiefly  into  hyponitrite 
of  potassa,  aa  indicated  ia  the  following  formula  : 

K0,N05  =  K0,N03  +  2  0. 

The  beat  should  be  carefully  applied,  and  tbe  process  arrested, 
as  soon  as  tbe  oxygen  which  comes  OTer  begins  to  be  mixed  with 
nitrogen  By  treating  the  mass  after  cooling  with  strong  aloohol 
the  hyponitrite  is  dissolyed  out,  and  may  be  obtained  very  pure. 

230.  Nitrous  Acid— N0^;  eq.,  (14  +  32  =)  46.— This  sub- 
stance is  foimed,  as  we  have  seen,  whenever  binoxide  of  nitrogea 
comes  in  contact  with  otjgen  It  may  al-^o  be  prepared  by 
beating  dry  citrate  of  lead  in  a  retoit,  and  passing  thi,  lapor 
formed  through  a  tube  surrounded  with  %  fieeziag  mixture  to 
condense  it.     A  piece  of  appiratua  hhe  thit  lej  resented  m  the 

QuB'iTinKS. — What  is  the  effect  whui  a  piece  i.f  pr  tiimnm  is  heitel 
ill  a  tube  containing  nitric  oxide  I  What  is  the  loluma  ot  nitrogen  that  la 
left?  219.  What  is  hypo  nitrons  acid?  Does  it  combine  directly  with 
ba-ses?  How  may  the  hjponiliites  bo  formed?  220.  How  may  nitrous 
ftctd  be  formed  ? 
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ligure  answers  the  purpose 


mi  is  nearly 
it  reC|uires  a  temperature  nearly  as  low  as 
tliu  liquid  form,  the  liquid  boils  Jt  82° 
witli  bases,  but  foruia  couipnunds  with  s  ID' 
It  is  decomposed  by  coat  let  with  watei 


It  is  to  be  placed  in  a  propei- 
vessel,  contaluing  the  freeaiBg  mistiite,  and 
connected  with  the  mouth  of  the  retort. 

As  thus  obtained,  this  acid  has  a  density 
of  1-43,  and  at  60°  F.  is  of  an  orange 
color,  but  becomes  yellow  when  cooled  to 


at  zero.  Though 
ero  to  condense  it  to 
It  does  Hot  combine 
of  the  stiajnger  acids. 


=  )  54. — Nitric  acid, 
id  i^  best  obtained  by 
d  conposing  nitrate 
of  po  liii  .or  nitrate 
of  soda  by  strong 
sulphuric  acid,  by 
tl  c  aid  of  heat.  The 
salt  proyionsly  well 
d  ed  is  placed  in  a 
eto  t  of  hard  glass, 
\.  w  th  an  equal 
we  ^ht  of  strong  sul- 
jlu  c  acid,  in  a, fur- 
nace and  surrounded 
at  the  b  torn  whs  nd.  A  moderate  heat  is  applied,  and  the 
iiitrio  le  d  as  t  s  s  pirated,  distils  over  into  the  receiver,  E, 
where  it  s  co  densed  To  render  the  condensation  more  com- 
plete, the  rece  ver  n  ay  be  surrounded  with  a  net-wort,  and  cold 
water  f  om  a  p  pe  made  to  fttil  constantly  upon  it.  The  water 
escapes  by  the  troa  1  s  0  C  and  ed.  A  furnace  is  not  absolutely 
necessary,  the  heat  of  a  lamp  is  sufficient  in  all  laboratory 
operations 

Nitno  aoid,  as  thus  formed,  is  a  dense  liquid,  of  a  yellow  or 
orange  color,  and  always  contains  more  or  less  nitrous  acid  mixed 

QuLS  iioue  — Mttj  nitrous  acid  be  obtained  iii  the  liqniil  form  ?     Does 
il  lODibmo  witli  baaea!    231.  How  is  iiilric  iicid  obtoinud!     What  la  tLo 
ic  of  ibis  acid !    Deaciibe  nitric  acid. 
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witli  it.  In  its  most  condecged  state  it  lias  a  density  of  1-52,  and 
boils  at  188°;  its  composition  being  then  NOs,HO.  There  ia 
finother  defioito  compound  of  the  acid  and  water,  NOs,4H0, 
whioli  has  a  specific  gravity  of  1-42,  and  hoila  at  253°.  The  first 
contains  14  per  cent,  of  water,  and  the  latter  40  per  cent. 

By  decomposing  dry  nitrate  of  silver  by  dry  chlorine,  nitrio 
scid  may  be  obtained  as  a  white  crystaline  solid,  which  is  readily 
soluble  in  water,  forming  the  common  aquafortis. 

Strong  nitrio  acid,  when  esposed  to  the  atmosphere,  emits  dense, 
s'hite  fames,  which  are  ezeeedingly  suffocating.  Mixed  suddenly 
with  water,  it  oocasions  a  considerable  rise  of  temperature ;  but 
mixed  with  snow,  it  produces  cold  by  the  rapid  liquefaction  which 
is  oecaaionod. 

Nitrio  acid  may  be  frozen  by  cold.  Tho  temperature  at  whicb 
congelation  taies  place  varies  with  the  strength  of  the  acid.  The 
strongest  acid  freezes  at  about  58°  below  zero.  When  diluted 
with  half  its  weight  of  water,  it  becomes  solid  at  — 1^°.  By  the 
addition  of  a  Jittla   more  water,  its  freeaing  point  ia  lowered 

It  is  one  of  the  most  energetic  acids  known,  and  osydizes  many 
aubatanccs  powerfully.  Powdered  charcoal  and  oil  of  turpentine 
arc  ignited  by  it,  and  most  animal  and  vegetable  bodies  diaor- 
gauizud.  Phosphorus  ia  oxydized  so  rapidly  as  to  produce  an 
explosion,  A  small  drop  on  the  skia  will,  in  a  few  seconds, 
destroy  its  vitality,  and  produce  a  permanent  yellow  spot.  There 
are  two  v.irieties  of  it  in  commerce,  called  sirnjh  and  douhk 
iiquaforiis,  the  latter  of  which  is  much  the  strongest,  and  usually 
is  of  a  deep  orange  color. 

B22.  TiiiB  fioid  is  sometimes  prodnoed  by  tie  union  of  the  oxygen  and 
nitrogen  of  tliE  atmosphere,  as  the  effect  of  lightnings,  and  is  found  as 
nitrate  of  ommonia  in  rain-water  after  a  shower  in  aummop.  Tha  same 
effeot  may  be  produced  by  the  electric  spark,  but  lie  presence  of  water 
and  some  base  to  oombina  immediately  with  the  acid  is  neoessary.  Let 
]L  tube  be  bent,  as  in  the  figure  on  next  page,  and  the  two  ends  covered 
with  metallic  enps,  one  of  them  opening  by  a  screw,  so  that  the  tube 
mny  be  half  filled  with  a  weab  solution  of  potash.    Now  insert  (he  screw 

—Does  nitrio  acid  always  contain  water  when  in  the  liquid 
may  it  be  obtained  in  tha  solid  formt  May  aquafortis  he 
it  is  said  of  ifa  oiydiiing  power?     223.    How  may  nilric 
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lolution  into  two  equal  piirts, 
y  ba,  ami  connect  it  with  the 

..^^^^ 

as  Dearly  a8  ma 

A 

W^^^ 

prime  couductc 

ir  uf  an  eleotrioai  mMhino, 

^ 

^               ^^ 

luocesaion  of  sparlis  to  pass 

(J 

■Jf 

^ 

?      througU  die  pn 

rtinn  of  air  contained  in  the 

the  tube.     Upua  exnmiua- 

Ni. 

trit  Acid  Ptwlucffil. 

tion,  the  eolutii 
tarn  nitrate  of 

IQ  will  now  he  found  to  oou- 
poiassa ;   tha  nitric  acid  of 

hioi 

hits  been  formed 

al 

mosphere,  ai>  aboYB  esplained. 

223.  Gold-leaf  answers  well,  ia  most  cases,  as  n  test  for  mliic 
iiuid.  The  suLslance  supposed  to  contain  it  ia  mixed  with  a 
little  hjdrocliloric  add,  and  the  misture,  if  nitric  acid  is  leally 
jiresont,  should  then  be  capable  of  dissolving  the  leaf.  If  it  is 
ii  salt  that  is  to  be  testud,  it  should  first  be  dissolved  in  water, 
aud  tUo  solulion  treated  in  the  same  manner  with  hydrochloric 
acid  and  gold-leaf. 

Hitrio  acid  3B  much  used  in  the  arts  for  etching  on  copper,  as  a 
solvent  for  the  metals,  &e.,  and  as  a  tonic  in  medicine  In  the 
laboratory  of  the  chemist,  it  is  in  cou=taiit  and  mont  iiuportant 
use  in  a  great  variety  of  operations. 


CompouTidi  of  Nitrogen  and  IL/drogcn. 

224  Ammonia— NH,,  ej,  (14+  3  =  )  17  —  Th.-*  ^t,cou3 
Bul  tiHte  1"  th  onh  Dmpiunl  li  nitrop:en  ind  hjdiugen  that 
If  known  It  lias  bten 
died  by  a  variety  of 
names,  as  harUhm  n, 
s}  nh  of  harHkoin, 
I  il    aU    I     &e      It 

(ecte  1  Q  ra  a  w  ter 
e  1  er  ilone  r  n  c  m 
b  na  0  w  th  u  o  a  I 
(2  ")    b  t    t      re  1  ¥ 
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obtained  by  heating  tho  common  solntion  of  ammonia,  cnllerl 
agna  ammonise,  or  a  mixture  of  aal  amiDonia  and  recently  alakcii 
lime.  When  the  latter  substances  aro  mixed  ttc  odor  of  ammonia 
is  at  once  paroeived,  but  it  is  evolved  freely  when  the  mixture  is 
moderately  heated.  It  is  rapidly  absorbed  bj  water,  and  should 
therefore  be  collected  over  mercury.     Tho  reaction  is  as  follows  ; 

FH  HCl  +  CaO  -  Ca  01  +  HO  +  NH^ 


rusting  of  ir 
frequently  p 
acid  the  solu 


ofannila  dhm  or  to 

f  om  tbe  m  h      d  b         w        m 

the  [u  po  e 

325   Amm  g^  P  6 

od  r  by  wh  m         w  b  d      P 

of  s  X  or  se  m    p  P        d  d 

take  he  I  qu  d  fo  m  by  tbe  application  of  mtonso  cold,  undi,r  tho 
o  d  nary  atmospher  c  pressure.  A  lighted  candle  plunged  into  it 
IS  ext  ngo  abed  but  a.  small  jet  of  it  burns  in  oxygen  gaa.  Its 
dene  ty  sal      tO    9,  100  eublo  inches  weighing  18-29  grs. 

Ammon       a  composed  of  one  volume  of  nitrogen  and  thi'ee 
volun        f  Ijjd  0^  n,  condensed  into  two  volumes. 


M79 

One-balf  of  this,  or  0'589,  is  tbe  weight  of  one  volume,  or  the 
theoretical  density  of  the  gas. 

Questions. — How  may  ammonia  be  obtninod  from  aqua  ammonifi? 
What  is  said  of  ils  absorption  by  water  1  What  is  said  of  tlie  formation 
of  ammonii  during  the  rusting  of  iron?  225.  Wiiat  aro  Bonie  of  the 
properties  of  ai  -    " 
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Th  3  g  s  8  1  oi^^y  lisorbed  by  water  wh  eh  at  <i2  la  capable 
of  d  9S  Iv  D^  jOO  or  600  t  mes  &  own  volu  ne  of  t  an  1  thea 
fo  nis  the  i  q    d  a  n    on  a    ot  aq  a  a  afofcn  nerce. 

As  the  ^as  o  also  bel  the  wat  r  d  rea  es  c  a  1  blj  in 
olume  BO  that  when  saturated  ta  dens  y  a  only  0  &  and  it 
eonta  n    o     per  cent   of  the  gas 

L  q  d  an  mon  a  a  best  prepired  by  (ho  u  e  of  a  Woulf'a 
apparatus    wh  oh    s  oonatruote  I  as  lollows      T  st  i  vcpsel  of 


■r  metal,  A.,  containing  tho  "iul  stances  from  which  the  gis 
is  to  be  Gvolved,  la  placed  upon  i  fuinacL.  or  othoi  source  of  heat, 
and  oonnitted  by  a  tube  with  a  seiies  of  thiee  nci'kcd  bottlc-i, 
B,  0,  D,  &o  ,  each  p  iitly  filled  with  witer  Ihe  fiist  tube  from 
the  vtssel  containing  the  materiali,  it  will  be  ohaened,  termmitcs 
below  the  suifice  of  the  water  in  tho  bottle  B,  so  thit  the  gT> 
coming  through  it  is  m-ide  to  rise  through  (he  watei ,  but  tho  tui  e 
connecting  this  with  the  nest  bottle  (J  teiminatts  in  B  near  the 
top,  but  extends  downward  beneath  the  Miitace  of  the  witer  in  C 
The  same  th  ng  w  11  also  be  obscr?Ed  of  the  tubes  connecting 
togethei  the  othci  bottles  Now  whin  the  gaseous  ammonia  la 
ovoUed  it  passes  oyer,  and  using  thronph  the  water  in  0,  is 
absorbed,  but  any  other  gas  passes  on  m  like  mannei  to  the  nc\t 
bottle,  and  so  oa  untii  it  esoapea  in  the  air  If  ■iny  ot  Ihe  am 
monia  escapes  from  the  firat  bottle,  as  will  he  the  eise  ^fter  thi 
water  has  buoorae  in  part  saturated  it  will  be  likely  to  be  con 

bymtev' 
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denied  in  tLe  next,  or  f  irther  on  in  the  Bories.  In  tLc  centre 
of  each  bitlle  I'l  a  tub?,  open  at  both  ends,  bnt  extending  down- 
waid  so  B^  to  teiminate  below  the  surlace  of  the  liquid.  It  is 
defiigued  meiely  as  i  safety  tube ;  it  is  plain  that  if,  in  using  the 
appiratua,  any  obstruction  occurs  in  one  of  the  tubes,  the  effect 
will  be  tD  foice  out  the  liquid  through  these  central  tubes  without 
dangei  to  the  apparatus ,  so  also  any  external  pressure  will  at  onco 
be  equalized  by  the  entrance  of  the  air  through  these  tubes.  This 
apparatus  is  used  for  many  similar  purposes. 

In  order  to  ensure  the  full  saturation  of  the  water  in  the  bottles 
they  must  he  kept  cold  by  means  of  ice. 

Ammonia,  has  all  the  properties  of  an  alkali  in  a  very  marked 
manner.  Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to 
turmeric  paper;  though  the  yellow  color  soon  reappears  on  ex- 
posure to  the  air,  owing  to  the  volatility  of  the  alkali.  It  com- 
bines also  with  acids,  and  nentralizes  their  properties  completely. 

This  substance  is  used  extensively  in  the  laboratory  of  the 
chemist,  and  in  medicine.  Solution  of  ammonia,  taken  inter- 
nally in  considerable  quantity,  has  been  known  to  produce  death ; 
and  the  gas,  if  inspired  too  long,. is  apt  to  occasion  inflammation 
in  the  throat  and  lungs. 

236,  Sascent  State, — This  phrase,  wiioh  occurs  above,  is  used  to  indi- 
cate the  state  of  a  body  as  it  is  esolved  from  a  cornpound  containing  it. 
In  the  case  alludaiJ  to,  the  rusting  of  iron  in  the  presanc      " 


and  just  at  the  moment  is  capable  of  cotubiuitig  with  tha  nitrogen  of  the 
air  to  form  ammonia,  wliich  it  will  not  do  under  other  oircumstanoes. 
Many  otlier  sntstanees,  when  thus  separated  from  compounds  of  which 
they  form  a  part,  raanifeat  a  disposition  to  form  compounda  with  bodies 
with  which  they  will  not  combine  direotiy. 

Questions. — What  is  the  design  of  the  central  tube  in  each  bottle  ? 
What  ia  a!ud  of  the  alkaline  properties  of  ammonia?  226.  What  ta 
meant  by  tlie  mscait  stale  of  a  body?  Wliat  ia  said  of  the  properties 
possessed  by  substajices  in  this  state  t 
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Cht.OETNe'I  Elcetro-negatWe  elemejits,  whieli  coustitute  a  very  iliBtiiini 
Iodine  j  natural  family.  Each  forms  a  single  acid  oompoTind  witli 
Bromine  [  lijdrogeu ;  imd  all  GDmbiue  mtti  the  metals,  forming  com- 
FluobineJ  pounds  that  are  similar. 


Si/mh',7,C\;  Uiuh-aknt,  &5  i  ;  Demif//,  2A-i. 

237.  History. — Chlorine  was  discovered  by  ScLeele,  in  1774, 
and  for  many  yeara  waa  regarded  aB  a  compound,  but  its  true 
character,  aa  a  simple  element,  is  row  nnivorsally  admitted.  It 
is  not  found  unoombined  in  nature,  but  ia  abundant  in  ita  com- 
pounds, especially  common  salt,  whicii  is  so  generally  distributed 
over  thi;  aurface  of  the  earth.  It  receives  ita  name  from  tba 
Gi-eek  chloros,  green,  because  of  its  yellowisb-groen  color. 

328.  Preparation.-— Chlorine  gas  is  easily  prepared  bypourirt; 
strong  hydrochloric  acid  upon  half  its  weight  of  peroxide  of  man- 
ganese, in  a  glass  retort,  and  applying  a  gentle  Jieat.  It  may  bu 
collected  over  iiot  water,  but  not  without  aome  being  absorbed  by 
it.  It  should  always  be  collected  in  bottles  with  good  stoppers, 
in  whioli  it  may  be  kept  for  some  time.  The  following  formula 
indioatea  the  changes  that  take  place : — 

MnOj  +  2HC1  =  MnCl  +  2II0  +  CI. 

A  cheaper  process,  and  nearly  as  convenient,  is  to  mis,  inti- 
mately, three  parts  of  common  salt  with  one  of  the  peroxide,  and 
pour  over  it  two  parts  of  sulphuric  acid,  previously  diluted  with 
an  equal  weight  of  water.     In  this  case, 

MnOa  +  NaCl  4-  2S0,  =  MnO,SO.  +  NaO.SOs  +  CI. 

Questions. — What  are  the  substances  of  the  second  group  ?  Whnt  is 
said  of  thom  as  a  group  ?  227.  What  facts  are  mentioned  in  the  liistoi  y 
of  chlorine!  From  what  is  the  uaroe  derived?  228.  Describe  ilis 
mcHiod  first  mentioned  for  preparing  chlorine.  Why  should  hot  nati'i- 
be  used  in  collecting  it  ?  Describe  Ibe  modo  of  preparing  it  by  the  usb 
of  common  salt.     What  are  the  chemical  changes  that  talie  place  ? 
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The  chloriae  by  this 
process  is  evidently  sup- 
pliud  by  tlie  salt  (chlo- 
ride of  sodium)  and 
there  are  formed  sul- 
phate of  the  protoxide 
of  manganese  and  sul- 
phate of  soda. 


It  is  £ 
various    other   prepara- 
tions. 

229.  Properties, — Chlorine  is  a  dense  ga=!,  of  a  yellowish 
green  color,  as  above  stated,  and  has  an  istiingent  tiste,  and 
rather  disagreeable  odor.  The  weight  of  100  cubic  inches  is 
76  grmns,  which  gives  a  density  of  2  44  By  moderate  pie-wura 
it  ia  converted  into  a  liquid  whieh  his  a  deniiity  of  ihout  1  ^3 
1h  cold  wate  ibs  rbs  tl  e  ^'^s  read  ly  it  cannot  be  collected  over 
!/  tho  t   ffreat  lo  5 


but  iQ  consequence  of 
its  great  epe  ficgrav  •, 
t      ay  be  collected 

t 

J,               j 

I 

an  ope     vessel    by  d 
rect  d  splac  n  ent  of  the 

/•\             ( 
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a  r      Let  <t  be  the  fla  k 
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'^^^>                        ^ 
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coota  n  Dg    the     mate 

^^^^                            ^ 
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r  als    and  c   a   rece  T  r 

Jl^                                           8% 

in  wl    h  the  gas    s  to 
ba   colle  t  d    the  tube 

^ 

9^         JL 

fom  the  fl    k  extend 
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^^^Si                 ^^^ffi\ 

1  g  n  arly  tfl  (he  bot 
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th 
int 

b  n       "Tilorme  by  Dlsplscomcut  o 

ju.l  a 
i  if  11). 

torn      The    hlurne  gas 
be  ng   so   m  oh   he  mci 
water  would  if  conveyed 

n  a   ,  fil  3  up  tlie  receiver 

process  is  expeditiously  cent 
nearly  pure. 

uoted,  the  chlorine  may  be  collected 

H.,t.db,  Google 


Prepafed  by  either  of  the  modes  described  above  the  gas  is 
always  mixed  with  watery  vapor,  from  which  it  is  reidily  sepirated 
by  passing  it  through  a  tube  containing  lumps  of  dry  ohloiide 
of  calcium.  After  being  evolved  from  the  milciuls  u^ed  it 
should  be  made  to  pass  through  a  bottle  oont  iiuing  a  small 
quantity  of  water,  to  aeparato  any  hydrochloiio  acid  that  mat 


wl  &h  w  11  dhaorb 


tie 


through  the    hi     de  of  calc  i  i  tube 
F  tery  vup  r      t  d   y  then  bo  c  II    tei 


n  a  bottle  by  d  splaoe  neat  of  the  a  r  as  just 
lescr  1  ed  The  bottle  should  ba  p  idei  w  th 
a  well  ground  glass  s  opper 

Chloi  ne    a  ill  el  to  osige  manv  of   t^ 

pr  pert  es  a  1  i^hted  cand  e  cont  nues  o  b  rn 
in  it  for  a  time  with  a  dull  red  flame,  giving  off 
a  dense  bhck  smoko  of  nuLOmhined  carbon  j 
and  phosphorus  taki,s  firi,  \n  it  spontaneously, 
burmnf,  wilh  grpat  bnllnnij  Some  of  tbe 
molals  dlso,  if  in  thm  leaf  oi  fine  powder,  talte 
file   in   it  spontancouhlv      For  this  purpose,   a 
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/ — .^  /    tall  jar  should  be  used,  as  represented  iu 
'  i^"  '/     '■''^  figure  ou  the  left;    and  the  boitoin 
should  be  covered  with  sand,  to  preitct 
the  breaking  of  the  glass  bj  the  hea 
chloride  falling  upon  it.     It  has  a  strong 
affinity  for  hydrogen,  and  a  miitute  of 
the  gases  explodes  by  the  approach  of 
flamcj  and  by  the  electrio  spark,  precisely   s 
as  a  mixture  of  osjgea  and  hydrogen 
a  piece  of  paper,  moistened  with  oil  of 
\  turpentine,  be  suspended  in  a  bottle  of 
chlorine,  it  takes  fire  spontaneously,  by 
'oVJieTaTin    the  chlorine  combining  Vfith  the  hydrogen    ^'i'^^" '" 
Chiorme.      ^£  ^j^^  turpentine;  at  the  same  time  the 
carbon  of  the  turpentine  is  liberated,  in  a  state  of  minute  division, 
as  a  dense  black  smoke.      The  bottle  containing  the  chlorine 
should  have  a  large  mouth. 

One  of  the  most  important  properties  of  chlorine  is  its  bleaching 
power,  all  vegetable  and  animal  coloring  matters  being  speedily 
destroyed  by  it.  Powdered  indigo  slightly  moi^itened  and  dropped 
into  a  bottle  contain    g  co     d  ted       h 

air,  soon  loses  its  cc  d  d  ff 

colors,  suspended  in  fl       d  m  w 

in  the  least,  injuring 

much  used  in  pre         g  ni^  g 

paper,  and  also  in  to  g 

done  with  common  m      d  p        rs 

being  an  oily  prepa  k  d 

Chlorine  is  also  a  p  ul 

ill  o&ensiTe  effiuvi        m  d     b  b 

tlity  may  hive  colle     d      T  p  hi  ( 

It  de&eiibed  hoiea  te  )       m  whwfe         dp   ced   n 

ti  illow  dishes  in  th  m 

The  aqueous  iul  p    p     d  b     h 


IK  baid  of  it  as  a 
18  • 
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of  a  Woulfe's  apparatus  (225).    The  solution  readily  dissolves  gold- 
leuf,  forming  trichloride  of  gold. 

If  one  of  the  bottles  is  kept  cold  bj  means  of  ice,  a  cryslalina 
solid  will  be  deposited,  which  is  a  compound  of  one  atom  of  chlo- 
riue  and  ten  atoms  of  water. 

S30  By  deiteranaly  putting  some  of  these  crysfala  in  a  glass  tut 
and  sealing  it  hermeljoally,  liquid  chlorine  may  be  obtained.  By 
alight  eleyatlon  of  temperatave  the  solid  melts 
and  Hie  water  and  ohlorine  separate,  the  latter 
of  whicb,  in  oonseqaenee  of  the  pressvire, 
takes  tbe  liquid  form.  While  sealing  the 
tube  t^e  end  oontainiug  the  crystals  must  be 
Ptei  Mition  of  Linukt  Chiorlna  kept  oold  by  menus  of  ioe. 

The  aqueous  solution,  if  prepared  in  the  darl:  and  kept  conatactly 
flora  the  action  of  hght,  undergoes  no  change  (173),  but  if  once  exposed 
tor  a  few  moments  only  to  the  son's  raja,  decomposition  of  the  water 
commences  hydi  oohlorie  acid  is  formed,  and  oiygen  set  free. 

The  proper  test  of  ohlorine,  either  free  or  in  combination,  is  solution 
of  nitrate  of  silver  silver  and  chlorma  always  forming  a  dense  white  pre- 
cipitate, quite  insolublo  in  water,  but  readiiy  soluble  .in  aqua  ammouiLB. 


Compounds  of  Chlorine  and  Ox>fgen 

231.  The  oompouads  of  chlorine  and  oxygen  are  five  in  number, 
as  follows,  Yiz.  -.—010,0103,0104,0106,  and  C10„  all  of  which  are 
acids ;  but  as  the  affinities  of  these  substances  for  each  other  ai-o 
verj  feeble,  their  compounds  are  all  decomposed  bj  slight  causes. 


.;  eq.,  (35'4.^32=)67-4.— This  com- 
a  deep  yellowish  color.  It  is  formed  by 
ipon  ohlorate  of  potash.     If  a  few  grains 


eous  Bolntion  of  chloriue  prepared  ?  May 
d  water  be  crjstaiiied  ?  230.  How  may 
m  liquid  chlorine  ?     Coo  the  aqueous  solu- 

t  deoompositioQ  ?  What  test  for  chlorine 
mpomids  of  chlorine  and  osygen  ajo  thoteJ 

ents  of  oxygen  in  each  of  these  ? 
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of  chlorHte  of  potnsli  are  placed  in  n  wine-glnsE,  nnd  a  liEtlc  sulphuria 
acid  poured  in,  the  gioES  will  be  soon  filled  leith  the  gns,  vhich  vill  be 
reeogniaed  by  its  color.  If  now  a  rag,  net  witli  oil  of  turpontine,  be  pre- 
Bented  to  it,  on  the  end  of  a  nire  oc  a  Etick,  it  will  be  inflamed,  and  the 
gas  at  the  same  time  exploded. 

235.  Chloric  Acid— ClOj;  eq.,  (354  +  40  =)  75-1.— Cblorio 
acid  is  obtained  by  passing  a  cuirent  of  chlorine  through  a  strong 
solution  of  potash,  with  which  it  oombiDcs  as  it  is  formed,  pro- 
ducing chlorate  of  potash.  At  the  same  time  with  the  chlorate 
of  potash  there  is  also  produced  much  chloride  of  potassium ;  the 
I'eaotion  takes  place  between  6  equivalents  of  chlorine  and  6  ccjuiva- 
Iciits  of  potash,  according  to  the  following  equation  ;— 

6K0  +  6C1  =  5KC1  -1-  K0,C10s. 

The  chlorate  being  only  slightly  soluble  in  water,  some  separates 
in  crystals  by  a  little  evaporation  of  the  water,  while  the  ohlorido 
remains  in  solution. 

To  obtain  the  acid  in  a  separate  state,  chlorate  of  baryta  is  first 
produced  and  then  decomposed  oarefully  by  sulphuric  acid.  The 
BaO,SOa  which  forms  is  separated  by  filtration,  and  the  chloric 
acid  obtained  as  a  syrupy  liquid.  It  is  decomposed  at  a  tem- 
perature of  104°. 

PeroSIorio  Acid  poaseases  no  cliaranters  that  render  it  of  my  special 


Compounds  of  Chlorine  anJ  IT/d  cgeii 

236.  HydrocMorio  Acid— HCl;  eq  (S";  4  +  1  =)  "G  4  — 
This  is  the  only  known  compound  of  ohlorme  and  hydrogen, 
and,  in  solution  in  water,  has  long  been  uied  m  the  aita  under 
the  Dames  of  mtirialic  acid,  and  spi'cii  of  lah  It  i^  formed  by 
the  action  of  diluted  sulphuric  acid  upon  conmon  silt  Ihe 
sulphuric  acid  should  he  diluted  with  about  an  equal  weight  of 

Questions. — 235.  How  ia  ohlorsite  of  potassaf  rmed'  Hove  is  clto  c 
aeid  procured  from  this  anlt!  236.  What  is  the  only  compound  of 
chlorine  and  hydrogen  that  is  known!  How  is  lijdroehluriu  acid 
prepared  Y 
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water,  and  be  allowed  to  cool  before  being  used.     Tiic  cbui 
which  tttke  place  are  as  follows  r — 

NaC)  4-  SO„I-IO  =  NiiO.SO,  +  IICL 


It  is  also  formed  by  tie  direct  union  of  its  elements.  Wben 
equal  measures  of  chlorine  and  hydrogen  are  mixed  togctber,  and 
on  electric  spark  is  passed  through  the  misture,  instantaneoua 
combination  laliea  place,  beat  and  light  are  emitted,  and  hydro- 
chloric acid  is  generated.  A  similar  effect  is  produced  by  flame, 
by  a  red-hot  body,  and  by  spongy  platinum.  Ligbt  also  causes 
them  to  unite.  A  mixture  of  the  two  gases  may  be  preserved, 
without  change,  in  a  dark  place;  but  if  esposed  to  the  diffused 
light  of  day,  gradual  combination  ensues,  which  is  completed  in 
tliR  course  of  twenty-four  hours.  Tiie  direct  solar  ray,  like  flame 
iirid  the  electric  spark,  produces  an  explosion  by  a  sudden  iuflam. 
mation  of  the  whole  mixture;  but  to  insure  the  success  of  the 
csperimont,  the  gases  should  he  very  pure,  and  the  chlorine 
recently  prepared  over  warm  water.  Tlie  glass  vial  containing 
the  mised  gases,  after  fceing  filled,  should  be  instantly  covered 
with  a  black  oloth,  which  can  be  suddenly  removed  by  a  stick,  or 
wire,  after  it  is  placed  in  the  sun's  rays. 

Hydrochloric  acid  is,  of  course,  a  chloride  of  hydi'ogen.  When 
pure  it  is  a  colorless  gas,  of  which  100  cubic  inches  weigh  80-38 
grains,  ^ving  it  a  density  of  1'25.     By  strong  pressure  it  may 

QcESllONa. — Esplain  tlie  equation.  Is  tlie  presence  of  water  essential 
to  tlie  formation  of  hjdroohlorio  acid  !  May  it  be  formed  bj  the  direal 
union  of  its  elcmenta  !  Wliot  BeToval  means  are  manlJoiieil  by  wLioK  tlio 
gas«3  may  be  mado  to  oomliine!  What  are  some  of  the  properties  of 
bydrochloric  acid? 
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bo  compressed  into  a  liquid.  It  is  quite  iiTespirable,  and  io- 
oapable  of  supporting  combustion.  Water  absorbs  it  with  avidity, 
taking  up,  under  favorable  cireumatances,  no  less  tbiD  480  times 
its  own  volume.  During  the  absorption  it  increases  considerably 
ID  volume,  and  tbe  saturated  solution  has  a  density  of  1-21,  and 
contains  about  forty-two  per  ceiit.  of  the  acid.  In  preparing  the 
liquid  hydrochloric  acid,  a  Woulfe's  apparatus  (225)  is  used,  only 
rttl  1  b'g  t'd'tbfitbi  ttlc  in  which 
OS  m  g  d  will  be 


tact,  unite,  and  £li  both  glasses  with  a  dense,  white  iryflrocSiDticAiM 
6moke,  which  is  solid  bydrochJorate  of  ammonia 
(159),  in  a  finely  divided  state.     The  same  thing  is  shown  when 
a  glass  rod  moistened  with  hydrochloric  acid  is  brought  near  an 
open  vesse!  containing  aqua  aramoniEo. 

Gneeoua  hjdrochlorio  Mid  is  composed  of  equal  volumes  of  chlorine 
nod  hydrogen  united  without  condensatioii. 


0  vols,  hyilrochtwio  aeid  2.509 


337.  Aqua  regla,  so  called  because  of  its  ability  to  dissolve 
gold  and  platinum,  is  a  mixture  of  two  parts  of  hydrochloric  to 
one  of  nitric  acid.     Let  a  single  leaf  of  gold  be  placed  in  a  wiiie- 

QnESTioKS. — WiiEit  is  Baid  of  the  absorption  of  hydrochloric  acid  hy 
Vfftter?  Wimt  is  said  of  the  fumea  produced  bj  the  gas  ivith  ammoula? 
Wimt  is  said  of  the  yolumea  of  chlorine  and  hydrogen  which  unite  to  form 
tills  acid?    237.  What  is  aqua  regis?    Why  is  it  so  called? 


Ho.led  by  Google 


214  coMrouNDS  of  chlorine  akd  njtrogek. 

glass  containing  a,  little  hjdroclilorio  acid,  and  another  leaf  in  a 
separata  glass  with  some  nitric  acid ;  the  gold  will  remain  undis- 
solved in  both  glasses  for  any  length  of  time ;  but,  on  mixing  the 
contents  of  the  glasses,  the  whole  of  the  gold  will  bo  speedily  dis- 
solved. The  real  solvent  in  this  case  is  the  chlorine,  which  is 
liberated  by  the  action  of  the  aoids'iipon  each  other.  The  reaction 
is  shown  by  tho  following  equation.     Thus, 

NOb  +  2irC]  =  NOa  +  2H0  +  CI. 

This  decomposition,  however,  proceeds  only  so  far  as  to  saturate 
the  liquid  with  chlorine,  but  if  heat  is  applied  to  expel  the  chlorine, 
or  a  metal  placed  in  the  liquid  with  which  it  will  unite,  new  quan- 
tities of  the  acid  are  decomposed.  Nitrohydroclxloric  acid,  there- 
foi-e,  is  a  source  of  chlorine  in  a  very  concentrated  state,  and  is 
capable  of  dissolving  several  substances  which  are  not  attached 
by  any  single  acid. 

Hydrochloric  acid  may  readily  be  distinguished  by  its  odor  and 
volatility,  and  by  its  giving,  with  a  solution  of  nitrate  of  silver 
(230),  a  precipitate  of  the  white  chloride  of  silver,  which  is 
blackened  by  esposure  to  the  light. 

Liquid  hydrochloric  acid  is  extensively  used  for  various  pur- 
poses in  the  arts,  and  is  one  of  the  most  important  chemical 
agents  of  the  laboratory. 


Compounds  of  Cldori/ie  awl  Nitrogen. 

233.  Terchlorideof  Ifitrogen.— NClaj  eq.,  (14  +  106-2  =) 
120-2. — There  is  linown  only  a  single  compound  of  these  ele- 
ments, the  torchloride  of  nitrogen.  It  is  prepared  by  pass- 
ing a  current  of  chlorine  through  a  solution  of  the  hydroehlorate, 
or  other  salt  of  ammonia,  and  takes  the  form  of  a  dense  yellow 
liquid,  which  is  seen  in  small  globules  at  the  bottom  of  the  solu 
tion.     The  reaction  is  espressed  in  the  following  equation  : — 

NH„HCI  +  CC1  =  4HC1  +  NCI,. 

Questions, — What  compound  of  gold  ia  formed?  IJow  may  hydrp- 
cliloiio  acid  be  known  t  238.  What  compound  of  chlorine  and  nitrogeri 
is  thoro !    Wliat  is  said  of  it  1    Esplaiu  tho  ciiaalJon. 
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f  1  r"*  and  may  bo  distilled  under  n 

pi         but  at  212°  it  explodes  wil.h 

1       t  d  tonates  violently  by  tho  more 

1     V    ftbe  oils,  &o.,  and  never  abould 


Sffmhol,  I;  Equivalent,  127;  DeTidl^,  4'95 

239.  History. — Iodine  from  (iodes,  violet  coJoir)  was  discovereci 
in  tbe  ashes  of  sea-plants,  from  whieli  it  is  still  prepared,  by  M. 
Courtois  of  Paris,  in  the  year  1812.  It  ia  found  also  in  certain 
ores  of  silver  and  ainCj  in  sea-water,  and  ia  the  water  of  certain 
mineral  springs. 

240,  Preparation. — As  stated  above,  the  iodine  of  commerce 
is  obtained  from  the  ashes  of  sea-plants,  especially  the  /ncus 


I    ?    7/  s       The   ley   obt^i  n  d   ty  1      y  at  ng     i  g       ' 
evaporated,  to  separate  a  portion  of  tbe  carbonate  of  soda 
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other  saliao  compounds  it  coiit-aina,  wLtoh  are  Icsa  soluble  than 
tliB  iodine  conipouads — oliiefly  the  iodides  of  Kodium  and  magna- 
Eium— and  arc  therefore  first  to  eryetaliza  out  from  tlio  solution  ; 
the  residue  is  tlien  mixed  with  peroside  of  njanganese  and  sul- 
phuric acid,  and  a  gentle  heat  applied,  when  fho  iodine  distils 
over,  as  a  heautifnl  violet-colored  vapor,  into  a  receiver  prepared 
for  the  purpose,  where  it  is  condensed.  A  simple  apparatus  like 
that  represented  in  the  figure  on  the  preceding  page  answers  well 
for  the  distillation. 

A  good  method  to  show  the  evolution  of  iodine,  is  to  heat  in  a 
glass  globe,  over  a  lamp  or  ignited  charcoal,  a  small  quantity  of 
sulphuric  acid,  and  throw  suddenly  into  it  25  or  30  grains  of  iodide 
of  polassium.  A  large  quantity  of  iodine  will  instantly  be  set 
free,  and  its  vapor  fill  the  globe. 

241.  Properties. — Iodine,  at  ordinary  temperatures,  la  i  soft, 
friable,  nearly  blact  solid.  Usually  it  is  in  small  shimng  crjs 
tals,  which  have  a  metallic  lustre,  and  a  density  of  4'95  Heitcd 
a  httle  above  212°,  it  melts,  and  is  then  converted  into  a  bean 
tiful  violet- colored  vapor,  which  has  a  density  of  8'70  (in  being 
1),  and  100  cubic  inclies  weigh  270'1  grains.  Iodine  is  a  non 
conductor  of  electricity  and  heat,  and  is  allied  to  oxyc^n  ind 
chlorine  in  many  of  its  properties.  Ita  odor  rese«nbles  that  of 
chlorine,  but  is  less  offensive.  It  is  sparingly  soluble  in  water, 
requiring  about  7000  times  its  own  weight  of  this  liquid  for  com 
plete  solution ;  but  alcohol  and  ether  dissolve  it  freely,  forming  a 
deep  brown  solution.  A  few  of  the  crystals  pressed  upon  the 
skin  produce  a  deep  stain,  which  however  soon  disappears. 

Starch  affords  a  delicate  test  of  iodine,  forming  with  it  a  beau- 
tiful blue.  The  starch  should  be  prepared  by  dissolving  it  in  hot 
water,  and  allowing  it  to  cool  before  using.  I,et  a  little  hot  water 
be  poured  upon  ashes  obtained  by  burning  a  piece  of  sponge,  and , 
after  filtering,  add  a  drop  or  two  of  solution  of  starch ;  then  pour 
in  a  few  drops  of  sulphurio  or  nitric  acid,  and  stir  it  gently, 
and  almost  always  the  blue  color  will  be  observed,  indicating  th^ 
presence  of  iodine. 

Questions .—2*1.  Describe  tUa  properties  of  iodine.  ^Yhat  is  *aio 
of  its  aolubility  in  water  1  In  alcohol  and  ctLer  !  What  teat  of  ii  Jiud 
in  mentioned  ?     Hovi  may  iodine  be  detected  in  sponge  ? 
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Iodine  has  not  been  much  Tised  in  the  utts,  but  is  largely  era- 
iloyed  in  mcdiciac.     In  the  Daguerreotype  process  (76),  it  is 
;   and  recently  it  is  snid  to  have  been  employed  in  dyeing. 


Compounds  of  Iodine  and  Ori/f/en,  Hydrogen,  t&a. 

242.  Iodine  and  oxygen  combine  in  three  proportions,  pro- 
duoing  iodous  10„  iodic  IO5,  and  periodic  10,,  acids;  neither  of 
which  however  possesses  any  special  interest. 

243.  Hydriadic  Aoid,  HI,  (iodide  of  hydrogen,)  is  a  gaseous 
substance,  of  a  specific  gravity  4-39,  and  in  many  of  its  properties 
strongly  resembles  tho  corresponding  chloride  of  hydrogen  (hydro- 
chloric aoid).  It  is  absorbed  by  water,  and  then  forms  the  liquid 
hydriodio  acid. 

It  is  best  prepared  by  placing  in 
a  glass  tube  alternate  layers  of  iodine, 
powdered  glass  (to  prevent  too  rapid 
action)  and  posphorus,  slightly  mois- 
en  d  w'  h  water.  Iodide  of  phos- 
ph  n  first    formed,   which    is 

d      mp     d  by  the  water,  producing 
jh    ph  acid  and  hydriodio  acid, 

th    1         f  which  being  gaseous  r 
0  11       1       a  dry  bottle  by  displacement  of  the 
d  n    d  n  water. 

S44  T  n  dide  of  Hitrogeu — NIj.— From  the  weak  nffinity  that  exists 
b   "w  ne  and  nitrogen,  these  subatances  enirant  be  made  to  unito 

d  B  It  when  iodine  is  put  into  a  Eolution  of  nmmomn,  tlio  alkali 

is  decomposed ;  its  elements  ncite  with  different  portioas  of  iodine,  and 
thus  cause  the  formation  of  hydriodio  acid  and  tariodide  of  nitrogen. 
The  latter  subsides  in  the  form  of  a  dark  powder,  which  is  ohiu-aoteriied, 
like  chloride  of  nitrogen,  by  its  esplosive  properly.  It  often  detonates 
spootaneouEly  as  soon  as  it  is  dry,  and  even  when  moist,  by  the  slighl:est 
cansos.  Heat  and  light  are  emitted  during  the  explosion,  and  iodine  and 
nitrogen  are  set  free,  tho  former  of  which  may  be  seen  at  the  instant  in 
the  form  of  vapor. 

QuBSTiQKS— What  use  is  niada  of  iodine!  242.  What  compounds 
of  iodine  and  oxygen  are  mentioned  !  248.  Deseribs  hydriodio  a«id 
How  is  it  formed  ?    244.  Describe  teriodide  of  nitrogen. 
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Chlorine  cornbinoB  wiili  iodine  when  mntle  to  pass  oTer  It  in  a  dry 
glass  tube,  or  wlien  passed  (hroagh  wntar  in  which  orystolB  of  iodiue  ai'O 
diffoBod.  The  two  substauoes  form  seyeral  different  compounds,  but  Ihey 
aye  not  at  present  well  understood.  One  of  Iheac,  probably  the  proto- 
ohiorido,  ICl,  lias  been  ufiej  in  the  Daguerreotjpo  process. 


Symbol,  Br;  Uquivahtil,  80;  Densitt/,  2-97. 

245.  History. — Bromine  was  diaooyered  id  1826,  in  sea-water; 
and  received  its  name,  bromine  (from  hrnmos,  offensive  odor),  in 
consequence  of  its  exceedingly  disagreeable  smell.  Eecently  it 
has  been  obtained  in  large  ijuantities  from  the  waters  of  soma 
of  the  salt-springs  in  Pennsjhania  and  Virginia. 

346.  Preparation. — The  usual  mode  of  preparing  bromine  is  a 
little  comijlex.  First,  the  brine  from  the  spring  is  evaporated, 
and  the  common  salt  removed  by  erjstalisiation,  then  the  mother- 
liquor,  or  hiittrii,  as  the  uncryBtaliEable  residue  is  called,  is  treated 
Witt  a  current  of  chlorine  to  decompose  the  bromides  of  magne- 
5inm,  sodium,  &o.,  and  sulphuric  ether  afterwards  added,  by  whicti 
the  bromine  that  has  been  separated  from  its  compounds  by  the 
chlorine  is  taken  up,  and  rises  to  the  surface  as  a  solution  of 
bromine  in  ether. 

Another  method  is  to  mix  with  the  solution  sulphuric  acid  and 
peroxide  of  manganese,  as  in  the  preparation  of  iodine  ;  and  then 
distilling  with  a  gentle  heat.  The  same  apparatus  (240)  may  be 
used  as  in  the  preparation  of  iodine,  but  the  receiver  must  be 
kept  cool  by  a  current  of  cold  water. 

247.  Properties. — Bromine  is  a  liquid  of  a  blaokish-red  color, 
and  epeoifio  gravity  2-97.  At  a  temperature  a  little  beli>w  zero 
it  is  frozeu,  and  boils  at  about  117",  forming  a  vapor  of  a  beau- 
tiful blood-red  color,  and  specific  gravity  5'39,  air  being  1.     It 

QuESTioss. — What  ia  said  of  the  compounds  of  chloride  and  niirogeii  ? 

245.  "When  wag  bromine  discovered  ?     Prom  what  is  the  name  derivut!  ! 

246.  From  what  is  it  obtained?      What  ia  tlic  mode  of  preparing  it? 
2i7.   Describe  its  properties. 
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stains  the  skin  yellow,  like  iodine,  but  lees  intenaelj.  Vapor 
of  bromine  ignites  phosphorus  spontanoonaly,  and  a  lighted 
candle  burns  in  it  a  short  time. 

Bromine,  in  many  of  its  properties  is  closely  allied  to  chlorine 
and  iodine.  Taken  into  the  system  it  is  highly  poiaonons,  and  its 
vapor  possesses  considerable  bloaohing  power.  With  starch  it 
forms  a  yellow  color. 

Like  chlorine,  it  forms  a  compound  with  water,  which  crys- 
talizes  when  exposed  to  the  cold  of  a  freezing  mixture  of  salt  and 
Fnow.     The  compound  is  Br,10HO. 

Bromine  is  sometimes  used  in  medicine,  and  much  more 
cxtensiyely  in  photography,  especially  in  the  Dagueiieotype 
process. 


Compounds  of  Bromine,  wilJt  O^ff^en,  lI//cIro(/cn,  &c. 

248.  Eromic  Acid,  BiOj,  is  the  only  well  determined  com- 
pound of  bromine  and  oxygen.  It  is  a  liquid,  and  may  be  pro- 
cured of  tlie  consistency  of  syrup.  It  is  very  corrosive,  and  sour 
to  the  taste,  and  by  a  temperature  of  212°  is  decomposed. 

249  Hydrobromie  Acid,  HlJr,  js  a  coloilcis  gas  of  a  densify 
2-73.  To  prepare  it,  a  tube  of  the  foira  of  the  ktler  W  is  pro- 
vided, and  the  part  at  the  left 
filled  with  pieces  of  phospkorui 
mixed  witlj  pounded  glass,  and 
tlie  whole  moistened  with  water 
Into  the  end  at  the  right  some 
bromine  is  then  poured,  and  a 
cork  firmly  inserted;  and  into 
the  other  end  a  smaller  tube  is 
fixed,  by  means  of  a  perforated  cork,  to  convey  away  the  hydro- 
bromie aeid  as  it  is  formed.  Tie  whole  being  leadj,  a  gentle 
beat  is  applied  to  the  part  contaming  the  biommi- ,  •ind  the  vapor 
as  it  is  formed,  attacking  the  phosphorus,  fiist  produi,ea  bromiie 


itid.     249,  Deecritic  hjdrobromio  aciJ,  and  the  mode  of  pi 
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of  pliospboius,  whifli  ia  at  once  decomposed  bj  tbe  water,  forming 
l)hiip!ioiou^  and  hydrobromic  acids,  tbe  latter  of  which,  being 
gi'ieouE,  passes  off,  and  may  be  collected  over  marcury. 

Tbe  gas  3s  rapidly  absorbed  by  water,  like  hydroelilorie  acid, 
and  (he  concentrited  solution  gives  off  fumes  in  the  air.  In 
most  of  iti  propeities  it  closely  resembles  hjdroohlorio  acid. 

By  intense  cold  and  pressure  the  gas  may  be  condensed  to  the 
liquid  form. 


2  vols,  hydrobromie  acid, 
One  volume  of  the  acid  tlierofoi'e  weiglia 


SffJitholf'F;  Equivaknt,  IQ ;  Daasilff,  l-'29. 

851.  History  and  Properties.— JJluorine  has  long  boon  known 
to  exist,  but  it  lias  not,  until  recently,  been  obtained  in  a  separate 
Btate,  It  is  found  ia  nature  in  considerable  abundanoe  in  the 
mineral  called  Jluor  spar,  'whicb  is  a  compound  of  this  substance 
with  calcium,  the  metallic  base  of  lime.  It  is  a  brownish -colored 
gas,  of  speoifio  gravity  about  1'29  (probably),  and  bleaches  liiie 
chlorine. 

Such  13  its  affinity  for  other  substances  that  it  attacks  them 
with  violence,  even  gold  and  platinum ;  and  can  be  prepared  and 
kept  only  in  vessels  made  of  fluor  spar,  which,  being  already 
saturated  with  the  substance,  is  not  acted  on  by  it. 

QuEanoKS. — What  ia  ssii  of  Iho  absorption  of  bjdrobromio  aoici  by 
water!  250.  Conaidared  aa  gaseooa,  wbatia  its  oompoEition?  251.  Give 
the  histor;  and  propertiea  of  Suoi'ine.  What  is  said  of  its  aSinity  for 
other  substmiaes  ?  Of  what  only  can  ve^tsels  be  made  to  conCuio  it  7 
Why  is  not  this  eubatance  acted  on  bj  it  I 
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Compounds  of  Fluorine. 

Fluorine  seems  to  be  incapable  of  uniting  with  oxygen,  but 
combines  with  hydrogen,  forming  the  acid  compound  HF. 

253.  Hydroflaorio  Acid— HF;  pq.,  (19  +  1=)  20.— This  acid 
is  formed  hy  subjecting  powdered  fluor  spar,  moistened  with  strong 
sulphuric  acid,  to  a  very  gentle  heat  in  a  leaden  vessel.  The  acid 
distils  over  as  a  pungent,  corrosive,  vapor,  hut  may  he  condensed 
in  a  leaden  receiver,  that  is  kept  surrounded  with  ice.  TLa 
reactions  are  as  follows  : — 

CaF  +  SO„HO  =  CaO,SOs+  HF. 

As  thus  foi-med,  the  acid  has  a  density  of  1-07,  and  manifests 
u  strong  affinity  for  water,  with  which  it  combines  with  groat 
energy.  It  attacks  glass  powerfully,  combining  with  its  silica, 
and  may  therefore  be  used  to  etch  it.  This  is  done  by  spreading  a 
thin  coat  of  becs'-wax  or  varnish  upon  the  glass,  and  tracing  the 
design  upon  it,  taking  care  to  cut  quite  through  the  wax.  The 
liquid  acid  is  now  poured  over  the  coated  surface,  or  it  is  exposed 
a  few  minutes  to  the  aeid  vapor,  and  the  wax  afterwards  removed  ; 
tho  design  will  then  be  found  beautifully  traced  upon  the  glass. 

This  acid  attacks  animal  substances  powerfully,  and,  therefore, 
should  always  he  handled  with  great  care. 

Fluorine  unites  also  nitli  chlorine,  iodino,  liTominc,  and  sotne  othera 
of  the  elameuts,  but  the  compounds  are  not  important. 

QuEaTioBS.^Doea  flnovine  combine  willi  osygen  ?  252.  Describe  the 
mode  of  preparing  hydrofluoric  acid.  Describe  its  properties.  How  may 
it  bo  used  fov  etching  upon  gloss?  What  is  said  of  its  action  upon  ani-- 
lual  substances  ?    Does  fluorine  combiue  with  chlorine,  iodiue,  &c.  1 
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Sui.PKiiE  1  Elements  in  mnnj'  of  their  propertiwi  closely  resembling 
8ELiiNiuM  [  each  otber,  and  forming  similar  auid  compounds  nith 
Tblldeiijiii  j  oxygen  an(l  hydrogen. 


Si/mhol,  8;  Equivalent,  IG;  Demilii,  1-09. 

253.  History  and  Preparation.— Sulphor,  called  also  hrim- 
stone,  has  been  known  from  the  remotest  antiqnity.  It  occnrs,  aa 
a  raiaeral  production,  io  manj  parts  of  the  world,  particularly  ia 
Toloanie  regions,  aa  in  the  neighborhood  of  Niples,  m  some  of  f  ha 
Sandwich  Islands,  and  in  the  island  of  feicily  In  combimtnn 
with  sererai  of  the  metali,  as  iion,  lead,  copper,  &e ,  it  is  still 
more  ahundant,  and  is  found  m  almost  every  place  Fioin  one 
of  its  compounds  with  iron,  called  iron,  pyrites,  it  is  piocured  iq 
large  quantities,  for  the  purp  csea  cf  commerce  It  is  iound,  also, 
in  many  organic  bodies,  as  m  eggi  in  the  hair,  horns,  and  hoofs 
of  animals,  and  in  the  aoeds  of  black  muatard 

The  island  of  Sicily  furnishes  a  laige  part  of  ill  luJphui  of 
commerce ;  the  natiYe  sulphur  here  occurs  in  immense  beJs  mised 
more  or  less  Trith  gypsum  hme  and  other  earthy  matter  This 
Bulpharons  earth  is  firet  healed  la  pots  so  as  to  melt  tbe  sulphur, 
which  is  dipped  out  with  ladks,  the  earthy  matter  settling  to  the 
bottom.  The  sulphurous  eartb  remaining  as  sediment  is  then 
heated  in  earthen  pols,  which  are  arranged  in  double  rows,  and 
entirely  inclosed  in  mason-work,  esoept  at  the  top,  where  is  an 
opening  by  which  they  are  charged  and  emptied.  At  the  sides, 
in  the  open  air,  pots  are  arranged  to  receive  the  sublimed  sulphur, 
which,  faking  the  liquid  form,  passes  finally  into  buckets  situatpd 
aa  shown  in  the  figure  on  next  page. 

QuESTioMii. — Whnt  elemenla  constitnte  group  3d  of  the  metolloiils  t 
263.  GiTB  the  hislo)7  of  sulphur.  With  wliat  is  it  found  combined?  In 
what  srgaiiie  Ijodiee  is  it  contained  1  Desevibe  the  modo  of  separating  il 
from  the  enrthy  matter  with  which  il  is  mixed. 


H.,t.db,  Google 


41 


geparailon  of  Sulpbnr. 

eeotion  of  the  reason-work  with  two  of 
the  ioeluded  pots,  and  also  the  esternal  receivers  with  whieh  thoy 
are  connected,  and  the  buckets. 

264.  Properties. — Sulphur  is  a  brittle  solid,  of  a  greenish- 
yellow  color,  ernits  a,  peculiar  odor  when  rubbed,  and  has  little 
tasta.  It  19  a  non-oonductor  of  eleotticitj,  and  ia  escited  nega- 
tively hy  friction.  It  fuses  at  226°,  and  becomes  nearly  as  liquid 
83  water;  but  if  the  heat  bo  raised  as  high  is  430°,  it  becoraea 
so  tenacious  that  the  vessel  ooutaining  it  uiny  be  in^cited  without 
spilling  it,  and  is  then  of  a  dark  niolasies  col^i  'W  hen  heated 
to  at  least  428°,  and  then  poured  lutj  witer  it  lee  mes  a  ductile 
mass,  which  may  be  used  for  tat  ng  the  imprea  lODS  of  seals. 
After  some  time,  it  changes  into  its  oid  nary  slatp 

Fused  snlphur  has  a  tendency  to  cryslahze  m  cooling      A  ei'ys. 
taline  arrangement  is  perceptible  in  the  oentie 
sulphur ;   and,  by  good   management,  i 
crystals  may  be  obtained.     For  this  purpose 
several  pounds  of  sulphur  should  be  molted  in 
an  earthen  crucible ;  and,  when  partially  c( 
the  outer  solid  crust  should  be  pierced,  and  the 
crucible  quickly  inverted,  so  that  the  inner  and 
as  yet  fluid  parts  may  gradually  flow  out      On  ^^     '  ■* 

breaking  the  solid  mass,  when  quite  coU  a  confu    da     n^^en  ent 
of  prismatic  crystals  will  be  found  in  the  nte  o 

Sulphur  is  dimorphous  (184) ;    that  t  pabl    of.  cryg- 

tUizing   lu    two   distinct   primary   forn  a     the      11  j^ue    rhombic 

w  »ay  itbe 
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pvlsuj,  and  the  rhombic  octahedron  ^    the  first   belongiug  to  ths 
tnonoclinio,  and  the  second  to  the  trimetrio  sjstoin. 

Sulphur  is  very  volatile,  and  begins  to  rise  in  vapor  even  befiste 
it  is  oompletely  fused.  At  about  750°,  it  boils,  and  the  vapor, 
if  in  a  close  vessel,  will  be  ooniiensed  on  any  cold  surface,  forming 
the  Jlowers  of  sulphur.  The  density  of  its  vapor  is  about  6-65. 
When  vapor  of  sulphur  is  brought  in  oontnct  with  vapor  of  alco- 
hol, they  unite ;  but  solid  sulphur  is  quite  insoluble  in  alcohol,  or 
water,  but  dissolves  in  boiling  oil  of  turpentine,  and  in  sulphide 
of  carbon. 

By  melting  the  flowers  of  sulphur  and  pouring  it  into  moulds, 
t!ie  rdU-sulphur  of  commeree  is  formed.  In  this  form  it  is  very 
brittle,  and  will  sometimes  break  by  tho  heat  of  the  hand.  It  is 
the  only  substance  known  that  always  becomes  negatively  cseited 
by  friction,  whatever  may  be  the  nature  of  Ihe  substance  used  as 
tlie  rubber. 

Tho  vapor  of  snlphui'  combines  readily  with,  iron  and  other 
metals,  attended  with  all  the  pho- 
nomcna  of  combustion.  Let  tho 
breech  of  a  gun-barrel  be  heated  to 
redness,  and  a  lump  of  sulphur 
dropped  into  it,  and  then  let  the 
muzzle  be  instantly  closed  by  a 
cork;  a  jet  ofvaporofsulphurwill 
igsae  violently  from  t!ie  touch-hole, 
which  will  be  inflamed  as  it  enters 

i™a  Wir=  and  V^por  of  Sulphur.  ^^^  ^j^. .   ^^^  ^  .^^^^^  ^f  ^^^^l  jron 

wire,  held  iu  it,  will  burn  freely,  forming  sulphide  of  iron,  which 
will  fall  iofdrops. 

The  sulphur  of  commerce  generally  has  an  acid  reaction,  pro- 
bably in  consequence  of  a  slight  oxidation  that  is  gradually 
taking  place.  Organic  substances-Sn  contact  with  sulphur  are 
always  more  or  less  acted  upon  by  the  acid  or  acids  thus  produced. 

QuESTioBB. — What  is  tho  boiling  point  of  eulpliuv?  IVhat  are  tlie 
flowera  of  solpliur?  Is  it  soluble  in  water  or  alooliol !  Ilow  \b  toll- 
Biilplmr  formed  t  ■What  is  said  of  its  electrical  atnto  ivhen  rubbed  ?  How 
niiiy  iron  wire  bo  made  to  burn  in  vapor  of  sulphur!  Whj  does  tlio  sul- 
phur of  commeree  usually  bate  an  acid  rcaotJon  ? 
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Uses  of  Sulphur. — Sulphur  is  used  extensively  iu  the  arts,  and 
in  medicine.  It  is  employed  in  tbo  manufacture  of  gunpowder, 
sulphuric  acid,  the  different  kinds  of  matches,  vermillion,  &c.,  and 
for  taking  impresaiona  of  seaJs.  In  medicine,  it  is  used  in  cuta- 
neous diseases,  and  an  a  cathartic  aod  alterative 


Cowjpoundi  of  Sulphur  and  (heyijen. 

255.  Sulphur  and  oxygen  form  as  many  as  seven  differsat  com- 
pounds, TIB  • — 

1  Hypoaulphurou'i  acid  b  O3 

i  Tn-fulpho  hjposulphuriL  acid  SbO^ 

8  Bisulpho  hyposulphuria  acid  S,Oj 

4  Mouobulpho  liyposulpbunc  acid  S3O5 

5  Sulphurous  aud  SO, 

6  HjpoMilphunLacid  S^Oa 

7  Sulpliurii,  acid  SO^ 

Of  these,  the  fifth  and  la^st  aio  by  far  the  most  important,  and 
onlj  these  will  be  heie  desuibed 

25Q  Sulphurous  Acid  — SO.,  cq  ,  (lt>  +  16  =)  32  —This 
Bubstance  is  gioeous  %t  ordinary  tempcratui  cs,  and  la  the  sole 
product  of  the  oombuition  of  sulphur  in  the  open  air,  or  m  dry 
osygen  gas  It  i&  more  conveniently  prepired,  however,  by  heat 
iiig  stiong  suljhune  acid  in  contact  TTith  mereuiy  01  pieces  of 
copper  One  equivalent  cf  the  sulphuno  acid  gives  up  ons 
rqunalent  of  its  ox^gfa  to  unite  with  the  metal  ind  the  oxide 
thus  formed  is  inimedutely  dissolved  by  a  mlouJ  atom  of  the 
sulphtiiic  acid,  while  the  sulphurous  acid  passes  off  as  a  gas.    Thus, 

Eg  +  2SO3  ^  ngO,SOi,  +  SOi. 

Another  very  easy  method  is  to  heat  in  a  retort  a  mixture  of  6 
pcrts  of  powdered  perosido  of  manganese  and  1  part  of  sulphur. 

QdestiobS.— What  use  is  made  of  sulpbur  in  tho  arts  ?  255.  Uqw 
many  compouodB  of  sulphur  and  oaygea  are  racutionefl  ?  256,  Dtscribe 
«iilf  huraoa  aoid,  and  tho  mode  of  preparing  it. 
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IJy  tbis  luode,  tLe  peroxide  gives  up  one-Iia!f  of  ita  oxygen,  wIiioL 
unites  wilt  sulphur  to  form  the  sulphurous  acid,  and  protoside 


Preparation  of  ^ulphi 


the  retort 

An  anaDgement  like 
that  figured  in  thi-  mar 
Lin,  answers  well  for  ita 
piepaiation,  by  either 
mode  As  the  gas  forms 
it  la  m  ide  to  piss  through 
alittIowater,tiicontlpn  i 
any  vapor  of  uiphuii 
■  acid  th  it  ra-iy  ha\c  come 
ii,  and  it  may  thuu  be 
collected  over  mercury 
Snlphnrous  acid  is  a  dense,  coloileos  gis,  100  cubn  mrhes  of 
whieh  weigh  68'55  grains,  giving  it  a  speoifio  gravity  of  2'24.  It 
is  distinguished  from  all  other  gases  by  its  suffocating  odor,  which 
every  one  has  recognized  in  burning  sulphur.  It  is  absorbed 
liirgcly  by  water,  and  may  be  condensed  into  the  liquid  form  by 
moderate  pressure,  or  by  a  cold  of  zero.  A  little  of  the  liquid 
may  be  obtained  very  easily, 
by  putting  a  small  quantity  of 
mercury  and  sulphutio  acid  in 
srnpatatioa  of  Snirhuroua  Ai^a  ill  Liquid  a  bent  tulc,  Bs  represented  in 
tbe  figure,  t-eabng  it  hermeti- 
cally, and  supplying  heat  to  tbe  extremity,  a,  which  contains  tlio 
materials,  while  the  other,  6,  is  ktpt  codI  by  moans  of  ice,  or  the 
evaporation  of  ether.  The  liquid  will  he  soon  found  to  cillect  in 
the  cool  part  of  the  tube.  Care  should  be  taken  not  to  heat  the 
tube  too  much,  lest  it  should  burst. 

A  better  method  to  procure  the  liquid  is  to  prepare  a  tube,  (as 
in  tbe  figure  on  nest  page,)  by  closing  one  end,  and  drawing  out 
a  part  in  the  middle  to  a  capillary  bore,  and  then  inserting  it  in  a 
freezing  mixture  of  snow  and  salt.  If,  now,  a  current  of  the  gas, 
first  dried  by  passing  tbrongh  a  chloride  of  calcium  tube,  bo  made 
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to    nt       h       r  I    f    b     t  1      it  will  be  con- 

dnddli       4        hlw     pirc.     When  tliis 
[     t  ly  h!l  1     til  Ir    p    g       tlic  freezing  mix - 

tu      til      pf     p    t  m  y  b       p     t  d  and  tlie  lower 
paa    h    m        11^       Id       1  th    1  quid  preserved  fur 
that  represented 
„bt    "-, 
muy  be  usaA.     The  bulb 
ntre  part  is  to  be  eur- 
g  mixture 
^^  na    u  table  T 

t  mbl        and  when  a  sufficient  phutous  ».c\<i. 

q  n  ty  f  h  fl  d  haa  accumulated,  the  two  ends  of  the  tube 
a  y  b  h  ic  cally  scaled  before  it  is  removed  from  its  place  in 
tb    f  g  m     '       ■      Under  the  ordinary  atmospheric  pressure 

t  b      m      1  1    d    t  about  14°,  but  at  a  temperature  of  59°  it 
J  p  of  about  2  atmospheres.     The  liquid  has  a 

d  ty  f  1  42  When  allowed  to  escape  in  the  open  air  it  eva- 
p  t  p  dly  p  dueing  a  cold  of  —60'  to  — 76",  according 
to  b  t  mp  t  f  the  air  and  other  circumstances.  By  severe 
cold  it  may  be  frozen,  and  with  water  it  forms  a  compound 
(;S0i9H0)  which  may  be  solidified, 

257.  Sulphurous  acitl  is  composed  of  I  volume  of  oxygen  and  J  of  a 
valume  ot  vapor  of  sulphur,  condensed  into  1  volume.  If  we  hum  a 
small  quantity  of  sulphar  in  a  glass  globe  over  morcory,  the  sulphur  is 
convei'ted  into  sulphurous  acid,  but  after  cooling  the  volume  of  gases  is 
fouD<l  to  bo  unchnuged.  The  aoid  therefore  oocupies  the  same  space  as 
the  oxygeu  entering  into  its  composition  Therefore  if  we  subtract  the 
weight  of  the  volume  of  oiygen  from  that  of  n  volume  of  sulphurous 
acid,  there  sliould  remain  ^  of  a  volume  of  vapor  of  sulphur.  This  gro 
find  to  be  lie  case  very  nearly.    Thus, 


^    "    vapor  of  sulphur,  Mil 

Qdebijons. — Describe  the  two  modes  mentioned  for  collecting  sul- 
phurous aeid  in  glfiss  tubes.  At  what  temperature  does  it  bocomp 
liquid  !  What  is  tlie  density  of  liquid  Eulphurous  acid  ?  What  is  siiid 
of  the  eold  produced  by  its  evaporation!  257.  What  is  the  oomposition 
of  one  volume  of  sulphurous  acid  ! 
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228  COMPOUNDS   OF   SULPHUR  AND   OXTOKN. 

Wa  have  heretofore  (264)  taken  tbe  TOlame  of  salphuv  rapor  to  bu 
6-854,  oiie-aisth  of  whieli  is  1*109.  !|)he  discrepancy  in  the  I'esolls  ia 
oooasionel  by  the  great  difBoulty  in  flStainiiig  fiooiirntaiy  the  reai  weiglit 
of  the  Tolume  of  sulphur  Taper. 

2fl8.  Sulphurous  acid  is  muA  used  for  bleaching,  especially 
articles  of  straw;  whiohj  in  a  moist  state,  are  suspended  in  an 
atmosphere  charged  with  the  gas.  For  this  purpose,  the  gas  is 
formed  by  burning  sulphur  in  the  air,  in  some  eneloaure,  as  a  bos 
or  empty  cask,  in  wliicii  the  articles  to  be  bleached  are  suspended. 

259.  SnlpiuricAeid— SOj;  eq.,  (16  + 24  =)  40.— This  acid 
is  always  seen  as  a  dense  liquid,  not  unlike  oil  in  appearance ; 
and,  having  been  formerly  obtained  altogether  by  the  distillation 
of  green  vitriol  (sulphate  of  iron),  it  received  the  name,  oil  of 
vitriol,  by  which  it  is  now  often  known.  It  is  prepared  at  the 
present  time,  at  Nordhausen,  Germany,  by  the  same  mode.  Green 
vitriol  is  thoroughly  dried  by  heat,  and  then  distilled,  at  a  high 
temperature,  by  which  it  is  decomposed,  and  the  acid  pa^ises  over 
and  condenses  as  a  brown  oil-like  liquid,  which  still  contains  one 
eq.  of  water  for  every  two  eq.  of  the  acid.  Its  compositnn,  there 
fore  is  ^SOj.HO.  Its  density  is  19,  or  nearly  twice  that  of 
water.  When  this  liquid  is  again  distilled,  at  a  moderate  heit,  a 
dry,  silky  solid  is  obtained,  which  is  the  pure  compound,  SO3, 
but  it  possesses  no  acid  properties  until  water  is  added,  which 
changes  it  to  common  sulphuric  acid.  This  solid  has  a  strong 
affinity  for  water,  and  hisses  like  a  hot  iron  when  thrown  into  it. 

260    Th       m         m  th  d    f  '  g  tl      "1   f  't  "  I    f  co 


Bulpliuno  aciil.  How  !S  the  Nuidhfiusen  acid  prepared?  How  may  the 
Eolid  aoirl  be  obtaiiiad  from  it?  What  is  the  oomposition  and  density 
of  the  Nordhauseu  acid  ?  200.  What  is  the  mode  of  preparing  the  01 
laon  oil  of  vitriol  of ' 
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to  the  sufphurOTis  aeid  formed  by  the  combustion  of  the  sulphur, 
converting  it  into  sulphuric  aoid. 

In  the  first  place,  as  the  misture  burns,  sulphurous  acid  ia 
formed  (256),  and  hinoxide  of  nitrogen; — the  latter  hy  the 
decomposition  of  the  nitrio  acid  of  tho  salt; — and  the  two  gases 
with  a  current  of  air  are  carried  together  into  the  leaden  cham- 
ber, the  binoside  of  Bitrogen,  NOj,  at  the  same  time  absorbing 
oxygen,  and  being  thus  converted  (218)  into  nitrous  acid  (NO,). 

Secondly,  these  two  gases,  in  the  absence  of  water,  are  capable 
of  combining  to  form  a  crystaline  solid,  the  composition  of  which 
is  NOjiQSOa,  and  which,  on  coming  in  contact  with  water,  is  at 
onoo  deoomposed  into  binoside  of  nitrogen  and  sulphuric  acid. 
Thus, 

KO„2SO,  =  2SOa  +  NO;. 

Or,  more  properly, 

NO  2SOs  2HO  =  3t&OaIrO)+^0^ 

Thirdly  if  at  the  sjme  time  in  the  m  sed  ga&es  trom  the  com- 
bustion of  the  sulphur  enter  the  chamber  steam  be  also  force  1 
in  the  crytals  lu^t  alluded  to  are  not  formed  but  all  the  reac- 
tions dosoribed  take  place  m  the  orler  mentioned  the  hydiated 
sulptuno  acid,  a*  it  forms,  fallinjj  hko  ram  to  the  bottom  ot  the 
chamber 

The  binosile  of  nitrogen,  being  set  fri.o  comlines  i£,a  n  with 
atmospheric  osygea  present,  forming  nitrous  acid,  NO,,  as  before, 
and  this,  with  the  sulphurons  acid,  by  the  reaction  of  water,  agiuti 
producing  sulphuric  aoid,  and  so  on  indefinitely. 

These  are  the  essential  roaotions  that  take  place  in  the  process, 
but  they  are  often,  perhaps  always,  accompanied  by  others,  which 
liowever  tend  to  the  same  result,  viz.,  the  conversion  of  the  sul- 
phurous acid,  formed  from  the  burning  sulphur,  into  sulphurie 
acid. 

QuKSTioua.  —  Describe  the  reaations  which  take  place.  Firstly; 
Secondly?  Thirdly?  Do  other  reactions  lending  to  the  same  result 
nsnaliy  ncoompany  tlio  above  ? 
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Firstly,  a  portion  of  the  nitroua  acid,  NO,,  in  the  leaden  chatu- 
her,  when  hnt  littlo  moisture  is  present,  is  converted  into  mono- 
hydrated  nitric  acid,  and  hjponitrouB  aaid,  NOj,      Thug, 

2N0,  +  HO  =  NO„HO  +  NO3. 

If  a  large  quantity  of  moiflture  is  present,  the  nitrous  acid  ia  eon- 
verted  into  hydrated  nitric  acid  and  binoxide  of  nitrogen.     Thua, 

6N0,  +  nHO  =  4N0s,ftH0  +  2N0,. 

Any  hyponitrous  acid,  NOj,  that  may  have  been  formed,  as 
indicated  in  the  second  equation  above,  when  the  supply  of 
moisture  is  increased,  undergoes  a,  similar  change,  producing 
nitric  acid  and  binoxide  of  nitrogen. 

Secondly,  sulphurous  aoid,  SOj,  by  the  reaction  of  hydrated 
nitric  acid,  is  converted  into  hydrated  sulphuric  acid,  while  the 
nitric  acid,  NO5,  by  the  loss  of  osygen  is  changed  to  nitrous  acid, 
NO,.     Thus, 

SOs  +  NO3  +  «H0  =  SOajiillO  +  NO.. 

Wo  have,  then,  as  the  result,  sulphuric  and  nitrous  acids,  the 
former  of  which  mixes  with  the  water  at  the  bottom  of  the  cham- 
ber, while  the  latter,  remaining  in  the  gaseous  state,  is  ready 
again  to  go  through  the  same  reaction  as  before,  being  thus  made 
a  vehicle  for  conveying  osygen  from  the  atmosphere  to  tho  sul- 
phurous acid. 

In  some  manufactories,  no  nitrate  of  potash  is  used,  but  the 
sulphur  is  bui'ned  alone,  and  nitrio  aoid,  in  proper  vessels,  is 
placed  in  the  leaden  chambers  in  such  a  situation  that  it  shall  be 
evaporated  by  the  heated  sulphurous  acid  and  other  gases  enter- 
ing from  the  furnace  j  reactions  similar  to  those  above  take  place 
with  the  same  results. 

Tho  figure  following  will  serve  to  illustrate  the  process.  C  0  is 
a  section  of  the  chamber  lined  inside  with  sheet  lead,  and  sup- 
ported at  the  ends  by  mason-work.      At  A  is  the  furnace  for 

me  result 
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burning  the  mAsturo  of  sulphur  and  nitric  salt,  the  fumes  of  which 
are  carried  directly  into  the  chamber,  now  filled  only  with  air, 
and  at  B  a  steam  holler  from  which  steam  in  one  or  more  jets  is 
constantly  entering  the  chamber,  for  the  purposes  described  above. 
A  valve  at  the  the  top  allows  the  escape  of  the  spent  gases. 

861.  For  a  class  experiment,  the  apparatus  figured  below  answers 
well  to  illustrate  the  mode  of  manufacturing  this  acid.      A  large 


I  filass,  A,  la  provided,   containing  a  small  quantity  of 
a  ttvo-necked  flask,  B,  partly  filled  with  small  pieces  of 
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bihhth  wh      myb      bgdbybl        g      t 

of  them  by  the  mouth. 

In  the  manufacture  of  this  acid  on  a  large  scale,  the  acid,  as  it 
comes  from  the  leaden  chambers,  always  has  an  excess  of  water, 
its  density  varying  from  1'35  to  1-50,  It  is  then  heated  ia 
leaden  pans  until  its  density  becomes  about  1-75,  and,  finally,  in 
platinum  retorts,  by  which  all  excess  of  water  is  expelled,  and  its 
density  is  brought  to  1-84.  Its  boiling  point  is  then  617°,  and 
its  freezing  point  — 30°. 

Oil  of  Titriol,  we  thus  see,  always  contains  water ;  the  most  con- 
centrated, that  of  Noi'dhausen,  as  stated  above,  cjantaining  one 
atom  to  every  two  atoms  of  the  acid  ;  or,  expressed  by  Bymbols, 
its  composition  is  SSOjjHO.  As  prepared  by  the  ordinary  mode, 
it  contains  one  atom  of  acid  to  one  of  water,  or  its  composition  ia 
S03,H0.  If  to  about  49  parts  of  common  oil  of  vitriol  we  add 
9  parts  of  water,  wo  havo  an  acid  the  speoifia  gravity  of  which 
will  be  about  1-78,  and  its  composition  80a,2HO.  It  will  thca 
freeze  at  about  the  same  temperature  as  water,  but  on  the  applica- 
tion of  boat  the  solid  does  not  melt  until  the  temperature  rises 
to  45°. 

A  fourth  compound  of  water  and  sulphuric  acid  is  S03,3HO, 
which  has  a  specific  gravity  of  1'63.     It  boils  at  about  SSS''. 

QuESTiOBs. — What  is  tte  daaaity  of  the  acid  aa  it  is  drawn  from  tlie 
luaden  oiiambets  ?  How  is  a  portion  of  the  water  espellecl  ?  "What  ia 
thB  proportion  of  water  in  tlve  Nordhauaen  acid?  In  common  oi!  of 
vitriol !     Ai'e  thore  other  definite  oomponuds  of  tliis  aeid  and  water  ? 
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Common  oil  of  vitriol  ia  the  monoliydratcd  acid,  SOs,HO. 
B  p     d  t    th     p        ■    't     p'dly  b     b    m  '  t  d  ' 

1  m  h  m  11  1  p    tly  fill  d  w  th  t    f  1  ft    p 

isftefd  ft        fwdj 
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b  1  d  tly  t    p  t  by  w     h      pi      d        th 

hp  lyfmmtatbfltfthbpt 

fm  wllb  Itmythf        b  dt        pte 

m     t       f   m  g        wh   li  t     ted        by  t  by  p        g  th 
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th  tb        d 
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th     fob   1 
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TTsBB. — Sulphuric  acid  la  applied  in  the  aits,  and  lu  the  labora- 
tory, to  very  many  important  uses;  as,  in  the  preparation  of  the 
other  acids,  the  extraction  of  soda  from  common  Bjlt,  the  manu- 
facture of  alum,  sulphate  of  iron,  chlorine,  S.e  It  is  alao  used 
as  a  solveDt  for  indigo,  and  in  tbe  vanoua  manufacturer  of  the 

Test. — Chemists  possess  an  unerring  test  of  the  presence  of 
sulphuric  acid.     If  a  solution  of  chloride  of  barium  is  added  to  a 

Questions. — How  cuiy  the  absorption  of  water  from  the  atmosphere 
by  oil  of  -sitriol  be  shown?  What  is  said  of  (he  afBnity  of  this  acid  fov 
wiiifif!  What  ia  the  effect  when  it  is  raised  with  walor  ?  What  use  ia 
made  of  it !     Wliat  test  of  its  soiuMo  salts  is  mentioned  1 
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liquid  containing  free  sulphurio  acid,  or  any  sulphate  in  solution, 
it  cauaos  a  white  precipitate,  salpliite  of  haryta,  wliich  is  charac- 
tei'ized  hy  its  insolubility  in  acids  and  alkalies. 


Comjiownds  of  Sulphur  and  BJ/drot;m. 

263.  There  is  only  one  well-determined  compound  of  sulphur 
and  hydrogen,  the  protosulphide,  or  hydrosulphuric  acid,  HS; 
thoTigh  by  a  particular  process  a  second  compound  is  obtained,  as 
a  heavy,  yeilowisli  liquid,  which  is  supposed  to  be  a  bisulphide, 
HSi-     Tbo  former  only  will  be  here  described. 

263.  HydrosalphurioAcid— HS;  eq.,  (16+1^)  17.--This 
substance,  often  called  sulphurtlted  hydrogen,  is  gaseous,  and  may 
easily  be  prepared  by  the  action  of  diluted  sulphuric  acid  upon 
powdered  protoBulphide  of  iron,  formed  by  intensely  heating  a 
bar  of  iron,  and  then  rubbing  it  with  a  roll  of  sulphur,  or  by 
heating  intensely  common  iron  pyrites  fn^tive  bisulphide  of  iron) 
for  some  time  in  a  covered  crucible. 

One  mode  of  preparing  hydrogen,  it  will  he  reeollccted  (197, 
204),  is  by  the  action  of  dilute  oil  of  vitriol  upon  metallic  iron ; 
but  if  instead  of  iron  we  use  sulphide  of  iron,  a  particle  of  sulphur 
being  liberated  at  the  same  time  as  the  particle  of  hyJro^jcn,  the 
two  combine,  and  gaseous  sulphide  of  hydrogen  is  evolved.  The 
reactions  are  as  follows: — 

FeS  +  S03,H0 -=  FeO,S05  +  HS. 

An  apparatus  like  that  represented  in  the  figure  on  the  nost 
pnge  is  convenient  for  the  purpose.  The  sulphide  of  iron  is  first 
introduced,  and  after  the  cork  with  the  tubes  is  inserted,  the  acid 
is  added  by  means  of  the  long-necked  funnel. 

The  gas  may  also  be  prepared  by  the  action  of  hydrochloric 
acid  upon  native  sulphide  of  antimony  finely  pulverized,  aided 

QuKaTioNS.— 263.  "What  only  well-tletermiQad  compound  of  sulphur 
and  hydrogen  is  menlioned!  2()3.  How  is  it  prepared?  How  is  sul- 
phide uf  iron  prepared  for  iho  purpose?  i>e£cribe  the  roaclions  that 
liLke  pUoo. 
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by  &  gontlo  heat.     Tho 
following  equation ; — 

SbS  +  nCl  =  SbCl  +  HS. 

HytJroaulphurio  acid  is  a  colorless 
gas,  of  a  most  offansive  odor,  similar 
to  that  of  putrefying  e^s ;  100  cubic 
inches  of  it  weigh  36-93  grains,  giving 
it  a  density  of  1-191.  At  the  ordimry 
temperature,  it  takes  thp  liquid 
der  a  pressure  of  about  l^  atmo 
and  hy  a  cold  of  — 122°  la 
A  jetof  it  burnsreaJilyin  the 
■,  forming  water  and  salphuioua 


formu 
sphere 
frozen, 


UU®^^ 


acid. 


Cold  water  absorbs  2  or  3  tir 
acquires  its  peculiar  odor  and  k 
at    a  when  tl  e  wa  er    s  b   !e 


s  its  own  volume  of  the  gas,  and 
^ ;  but  the  gas  is  all  given  off 
W  at  n  pre^n  i  w  th  the 
g  f  kept  foi  a  (  ne  become  ml  y  f  om  the  1  e  ujos  t  on 
of  the  gas  and  the  separat  on  of  (h    sulphur  con     ned  u  t 
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m  1  of  wl  icii  =1  all  d  p  in  a  V  il  of  eold  witi,i  Aftei  the  gaa 
1  liiliblpd  tbiough  it  1  few  minutes  it  will  II  touiid  fully 
inpre^nited 

rhia  gas  blackens  many  c  Inrlesa  niLtallio  suits  1  y  the  torma, 
tion  of  metallic  sulplides  An  acaiismg  es^eumunt  may  be 
perfozmed  in  the  folbwing  manner 
Let  a  picture  be  trace!  on  white 
paper  w  ih  a  solution  of  sugai  of  leocl, 
which  is  feifectly  ool  iles"  ind  the 
piUme  at  a  little  di  tinea  will  be 
in\isible  Let  the  biok  of  the  ^iper 
le  now  moistenel  by  meics  of  t  wet 
sponge  and,  after  tacking  it  to  the 
will  !et  a  current  of  this  gas  be 
dire'"fel  agaiait  it  and  all  the  parts 

i.. ___§     triced  by  the  leid  '*oiution  mill  in 
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after  the  gas 
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remains  for  the  sulphiir, 
ally  (163)  the  n-oiglit  of  ot 


-What  ia  said  of  the  Botion  of  eulphuv  water  upon  many 
inetallio  salts?  20i.  How  may  tho  oompositiou  of  hyclroBul- 
id  bo  dolermiucil  ? 
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sulpliar ;  so  the  composition  of  lijdrosulplinrio  aoid  mast  be  one  volum9 
of  hydrogan  and  one-aiilt  of  a  volnme  oE  sulphur  vapor,  condenaed  to 
one  Tolnme. 


Compounds  of  Svlpltur  and  Chlorine 

265.  There  are,  it  is  believed,  several  compounds  of  these  two 
elements,  but  two  only  (or  perhaps,  three)  have  hecn  obtained  in 
a  separate  state,  tJie  diohloride,  S^Cl,  and  the  chloride,  SCI. 

268.  Diohloride  of  Sulplmr— S^Cl ;  eq ,  (2  x  16  +  35-4  =) 
67  4. — The  fnrmatioB  of  this  compound  reciuires  an  apparatus 
whicli  is  somewhat  complex.  To  propare  the  chlorine,  a  flask,  A, 
containing  some  peroxide  of  manganese,  is  provided,  a  tuhuiated 
retort,  D,  containing  a  quantity  of  sulphur,  and  a  three-necked 
bottle,  B,  for  the  puipose  of  washing  the  chlorine.  These  are 
connected  together  by  tubes,  as  shown  in  the  figure,  and  aome 
hydrochloric  acid  poured  into  A  by  means  of  the  crooked  tube, 
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being  reaJy,  heat  is  applied  to  tlie  sulphur  in  D,  so  bb  to  melt  it, 
and  also  a  gentle  heat  to  A,  to  cause  a  slow  evolution  of  cMorino. 
This  gas,  after  teiog  washed  in  B,  is  dried  by  passing  through  a 
eblorido  of  calcium  tube  T,  and  finally  comes  in  contact  with  the 
vapor  of  sulphur  in  J),  where  the  compound  ia  question  (SjCl) 
is  formed,  and  passes  as  a  yapor  into  the  receiycr,  E.  This  being 
kept  cool  by  a  stream  of  cold  water  from  the  yeaSel  F,  the  diohloride 
is  condensed,  and  any  atmospheric  air  or  other  gaseous  matter  passes 
off  by  the  waste-tube  inserted  in  E.  The  liquid  thus  obtained  must 
be  separated  from  a  little  sulphur  it  contains  by  a  second  distillation. 

DJchloride  of  sulphur  is  a  reddish-yeOow  liquid,  having  a  dis- 
agreeable, and  very  peculiar  odor,  whicli  boils  at  about  280'.  Its 
specific  gravity  is  1'69,  and  that  of  its  vapor  4*668,  It  is  imme- 
diately deooraposed  by  contact  with  water. 

Diohloride  of  sulphur,  considered  !n  ths  gasaoua  stale,  is  composed 
of  ono  volume  of  otlorine,  and  one-third  of  a  volnnie  of  sulphur  vapor, 
condoiiscd  into  one  yoluma.     Thus, 


Ono  vol.  diehloride  for  its  density),  4'658 

The  density  thna  obtfiined,  called  the  theoretical  density,  it  will  be 
seen,  diifers  but  slightly  from  that  given  above,  obtained  by  direct 
usperiment. 

367.  Chloride  of  Sulphur— ^CI,  eq ,  (16  -|-  35  4  =)  51'4,— 
This  compound  is  prepared  by  passmg  a  current  of  chlorine 
tlijBugh  a  quantity  of  the  proi,eding,  until  it  is  entirely  saturated, 
and  then  distilling  at  a  terapeiature  of  147°.  It  is  a  deep  red 
fluid,  having  a  density  of  1  C2 

The  density  of  its  vapor  is  S  541      Consi  lered  in  the  gasooivs  stats,  it 


One  volume  of  chloride, 
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Symlol,  Se;  Equivalent,  39-5;  Dendly,  4'32. 

268.  History,  etc. — Selenium  was  discovered,  in  1817,  l>y 
Berzeliua,  and  received  ita  name  from  sdene,  tbe  raooi:.  It  is 
ustially  found  associated  witli  sulphur,  in  some  of  its  compounds 
witli  other  substances,  especially  sulphide  of  iron  (iron  pyrites). 
It  ia  found  also  in  combination  with  copper,  lead,  mercnry,  silver, 
and  other  metals.     From  any  of  these  it  is  prepared  hy  several 


Selenium,  at  ordinary  temperatures,  is  a  solid  of  a  deep  brown 
color,  the  shade  varying  a  little,  according  as  it  is  seen  in  a 
powder  or  in  a  solid  mass.  When  melted  and  suddenly  cooled, 
it  has  a  vitreous  oonchoidal  fracture,  and  becomes  negatively 
cleotrical  by  fi'iction  in  very  dry  air.  When  heated  to  212°,  it 
becomes  partially  fluid,  and  perfectly  so^t  a  temperature  a  little 
higher  than  this.  Heated  to  700",  it  sublimes  like  sulphur,  which 
it  closely  resembles  in  many  of  ita  properties.  At  a  temperature 
of  212°,  or  a  little  higher,  especially  if  it  has  been  heated  eon- 
aiderably  above  this  and  again  cooled  down,  it  is  viscid,  and  may 
be  worked  like  softened  sealing-was,  and  drawn  out  into  small 
threads. 

Wken  heated  in  the  open  air,  it  readily  takes  fire  and  burns, 
eshaliuf:  a  strong  odor  not  unlike  that  of  decaying  horse-racH.^Ii, — a 
character  by  whicli  it  may  always  be  distingiiisbccl. 


Compounds  of  Selenmm  and  Os-.ygen. 

369.  Selenium  forms  with  oi^gen  three  compounds,  SeO,  SeO^,  am 
SaOj.  Tile  latter  two  aie  aoida,  and  in  many  of  their  propertiea  quiti 
similar  to  sulphurous  and  sulphuric  aoids,  to  whioh  they  correspond  ii 
1  composition. 
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IM    \M   OMfr\ — TELLURIUM. 

(  5  +  .  X  8=)  55-5.— To  pi-epave 
this  acid  a  retort  contain 
ing  a  ni  sivire  of  cMoralo 
of  potasli  and  parotide  of 
y/  raaiigniic6B  ia  connected,  aa 

■'  rejrehenteil   in   the   figure, 

Bitli  a  tnbe  bent  dowuwnrd 
30  OB  t>  reoeivo  a  quantity 


the  1  ini    t  wh  ah  are     rj  w 

271  SeleKio  Aoia—SeOa  eq  (3^  5  +  8  x  8  =)  63-5.— Selenio  acid 
IS  jrepared  by  \i  iming  selenium  with  n  trate  of  j.oti  h,  when  Beleniate 
of  potash  IB  foimpd  fioni  whith  tl  e  iw^id  may  be  ohtnined  in  the  liquid 
form  Its  chief  ntereet  is  foun  1  in  ita  oloee  re'semblonoe  to  the  oorrts- 
ponding  sulphur  acid,  SO3,  aud  m  the  fact  that  it  la  capable  of  dissolving 

With  liyclrogen  aalonium  forms  a  compound,  hydroselenio  acid,  HSe, 
which  is  gaseous,  and  irritating  to  tiie  ejes,  nose  and  lungs.  It  is  ab- 
sorbed by  water,  liEfe  hjdrosulphurio  aoid,  ond  the  solution,  like  thaf, 
of  hydrosulphario  acid,  is  decomposed  by  oontaot  witli  the  air. 

The  ooinpounda  of  eeleninm  with  sulpliur,  ehiorine  and  bromine  are 
not  of  suffioient  interest  to  require  attention  in  this  worl!. 


TELLURIUM. 

Sj       7  To     ii        ?       ( 4  5     i)       J 

272  Histoiy  etc  — lell     um  is  a  ra  e  sub     nee  wli   1   li 
TOH  ct  me"  been  to  c  1  nat  ve  b  t  13     sual  y  comb  n  d  w  h  tl 
1I     aa  gold  a  Iv      L   mutl    and        1      It    s  gener  I  y  J  e 
pa    d  f  om   he  te  1  r  1    ol  wii  fo  cd   n      Ii  d      a 

Q  BST  OBS  —    0     De       be       0  m  f  r    pa   n  a 

7      Dese   be  ae  en  e  ac  d      Wh        omponnl     oh       en    m       m       h 
hjd  og  n?    2  "    De  c   be     1      um 
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Compounds  of  TcUurmm  with  Oxygen,  Etc. 

273.  TeUurmm  forms  with  nijgea  two  acid  compounds,  vii.,  telluvous 
acid,  TeOj,  and  teUurie  aeld,  TeOj,  which,  as  nUl  at  once  bo  seen,  ore 
similar  in  composition  to  the  oorrespoiiding  compounds  of  sulphur  and 
selenium. 

With  hydrogen,  also,  like  the  two  elements  just  named,  it  forma  a 
single  gnaeons  compound,  bjJrotelluHo  aoid,  HTe,  the  smell  of  which  is 
even  mora  offensive  than  that  of  liydrosulphurio  aeid. 

Tellurium  combines   with   ohlorine,   iodine,  bromine,  sulphur,  aeie- 


1  Tpfo  elements  whioh  are  solid  at  oi'd 
IturfiB,  and  similar  in  many  other  proper 
J  their  compounds  are  iaomorphoiis. 


PHOSPHORUS. 

Symlol^  P;  Equivalm,  32;  Tinmty,  1     to  2 

374.  History,— Phospborns  was  disoovoiod  bj  an  alchemiat 
of  Hamburg,  in  1669 ;  and  received  ita  present  name  (fi  im. 
fitos,  ligbt,  and  pherain,  to  carry)  from  tbe  uiroum stance  tbat, 
at  ordinary  temperatures,  it  always  appeaia  lu.inmoii'f  in  tbe  diik 


oiygeo!     274.  Give  tbe  history  of  pffiiephoii 
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242  pHospEoiius. 

It  is  not  found  In  nature  in  a  separate  state;  but  Jn  oomUnation 
witli  oxygen  and  limD,  it  is  yery  generally  difiiised,  being  con- 
tained in  all  fertile  soils,  witliout  esoeplini],  and  in  many  vegftuble 
and  animal  substances. 

275.  Preparation. — Pliospborus,  at  the  present  time,  is  pre- 
pared entirely  from  bones,  which  are  first  heated  in  the  open  air 
until  they  become  white,  so  aa  to  destroy  all  the  animal  matter 
they  contain.  More  than  half  their  weight  remains,  which  ia 
chiefly  pho.=iphate  of  lime.  This  is  then  ground  to  a  fine  powder, 
and  digested,  for  one  or  two  days,  with  dilute  sulphuric  acid,  iu 
the  ratio  of  3  parts  of  the  bone  ashes  to  2  parts  of  acid  and  15  or 
20  parts  of  water. 

The  action  of  the  eulphuric  aoid  upon  the  phosphate  of  lime,  is 
to  take  away  a  part  of  its  lime,  forming  with  it  sulphate  of  lime; 
and  as  the  whole  of  the  phospborio  acid  of  the  original  phos- 
phate is  then  in  combination  with  only  a  part  of  its  lime,  it  is 
pliin  thit  tins  must  BOB  be  a  super-phosphate  of  lime.  Thb 
latter  IS  solul  It  jn  water,  while  the  sulphate  of  lime  which  has 
been  formed  is  insoluble ;  more 
ir-iter  is  therefoie  ndded,  and  a 
pleii  liquid  obtained,  which  is  evi 
dently  solution  of  supei  phoiipb  iti, 
of  hme  This  liquid  is  now  eia 
pniited  until  it  begins  to  be  quits 
thn,]i,  when  it  is  mixed  intimately 
with  LhaieosI,  in  fiae  powder,  aul 
thoioaghly  diied  If  i^  nest  in 
troduaed  into  an  aiithem  lutor', 
a,  which  IS  placed  m  a  piopcr 
furnace,  ia  rt.pre'ent<.d  in  the 
hgme,  and  tD  the  iiebL  ot  iho 
F  n     iipimoua  retoit,  a  wide  copptr  tubi.,  b,  i« 

atta  hed  wh  oh  uonnei,!^  with  a  Tessel  of  witer  Tie  htut  is 
then  g  adua  y  laiacd  when  the  phosphorus  di'tUa  ovei,  and  in 
conlen        n  the  watei      Mu  h  combustible  gTigoua  matter,  il  i 


mode  of  1 
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3>Hoai'iioEUS,  243 

comes  over  acd  escapes   by  tbo  second  tube,  inserted  in  the 

The  affinity  of  ebarcoal  f  r  tx-fg  n  it  low  tempentures  is 
not  very  considerable,  but  nhen  highly  he'iti.d  it  is  intense,  and 
=uffi:'icnt  to  abstr  ct  the  oxygen  fiom  the  phosphoric  aoiJ  ot  the 
cid  phosphate  of  lime  causing  the  liberation  of  the  phosphorus 
This,  taking  the  gaseous  state  distils  over  and  isconlensed  to 
the  liquid  firm,  and  finally  sobdified 

Ihe  phosphorus  thus  procured  js  still  impure  and  is  to  be 
melted  in  hot  water  and  pre-^sed  thiough  poious  leather 

276  Pioperties—Paie  pbnspboius  is  of  a  light  flesh  color, 
and  nearly  tran>!parent  At  comnun  temperatures  it  is  a  soft 
^ioin  of  specific,  giavity  about  2  in]  may  easily  be  cut  with  a 
1  nife  At  108°  it  fuses  and  at  554°  is  oonyerfed  into  vij  or, 
whn,h  has  a  density  of  4  326  It  is  scluble,  by  the  aid  jf  heat, 
in  naphtha  in  fiss,d  and  volatile  oils  and  la  some  other  hquids 
Py  the  fusion  and  slow  cooling  of  a  considerable  quantity  it  may 
be  crystahaed  tnd  also  fiom  its  solution  in  bi  ulphide  of  caibon 
The  crystals  belong  to  the  monompiiio  sytem 

It  is  usually  seen  m  long,  slender  sticl  s,  of  a  waxy  lustre 
whii-h  aie  made  by  melling  the  pha'phoius  under  watci  and 
pturing  if  into  gliss  tabes 

The  phoius  may  be  di'tillcl  without  difficulty 
cpbratim  fit  a  yeen  glass  letDit  to  a  tube  belt  ; 
in  the  h^iiie    and  havini,  its 
estrem  ty  diawQ  out  to  i  fine 
}  Dint    but  not  closed      Sej'i 
r  te  the  retort  nnd  tube    ml 
J  ut  in  the  first  a  small  {uant  ty 
of  pboijhorus,  and  in  the  latter 
1  little  water,  and  ag  m  con 
uect  them  firoily  together      If 
n  w    the    retDrt    is    caiefuliy 
ieatei  the  pbosphii  s  w  11  griduall^  d   til 
tl  c  witoi  la  the  iowtst  p  t  ot  the  t  iK 
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hj      g 

Thia  red  or  amorphous  pliosphorua  differs  essentially  from  ordinary 
phosphorns.  IW  molting  point  is  about  482'^.  and  it  is  non-luminous  in  the 
air  at  ordinary  temperatures.  Heated  to  600",  it  changes  to  ordinary 
pliospiorus. 

Questions, — How  is  pliospliorus  affected  in  the  open  air?  How  is  it 
uBuilly  preserved?  May  it  be  distilled?  IVliat  is  said  of  its  com- 
bustiou  in  oiygen  gas?     How  may  it  be  mads  to  barn  unttor  water! 
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COMPOUNDS   OP  PHOSPHORUS   ANU   OXYOEN.  245 

277.  Uses. — I'hospliorua  is  now  used  io  large  (juantitiea  in  the 
wanuf'actuire  of  friction-matches,  which  ignite  hy  slight  friction. 
For  this  purpose  it  is  made  into  a  paste,  with  gum  or  glue,  by 
which  it  is  made  to  adhere  to  small  pieces  of  wood  or  paper  pre- 
viously dipped  in  melted  sulphur,  and  ia  also  protected  from  the 
action  of  the  air. 

The  paste  is  sometimes  mixed  with  nitrate  or  chlorate  of  potash, 
or  oside  or  nitrate  of  lead,  but  this  is  not  necessary.  Occasionally, 
flue  emory  or  powdered  glass  is  mised  in  the  paste,  to  increase  the 
ftiction. 

Phosphorus  is  of  great  service  in  the  laboratory,  and  has  been 
sometimes  used  in  niedioine. 


Compounds  of  FhospJioTus  and  O-xygen. 

278.  There  are  four  compounds  of  phosphorus  and  oxygen,  the 
atniuic  constitution  of  which  appears  to  be  P20,PO,P03  and  PO,. 
1'he  last  three  are  acids;  but  only  one  of  these,  the  last,  will  be 


379.  IlinosiSe  of  Plioapliorna — PjO. — This  oomponnci  is  prepared  bj  tha 
oomtiustiou  of  phoaphoma  under  bot  watsr,  aa  iu  paragraph  279.  Atmo- 
sphorio  air  may  be  snbatitutBd  for  tha  oxygen.  The  oiido  appears  aa 
flooenli  of  a  briok-red  color.  It  absorbs  oiygen  from  the  iur,  and  mised 
Willi  phosphorus  it  renders  it  more  combustible. 

380.  HypophoaphoronB  Aoid  —  PO. —  May  be  obtained  as  a  syrupy 
liquid,  but  oanuot  ba  oi'jstaliied      It  cannot  be  obtiiael  lepaiate  from 


2S1.  HujEphoroaa  Aoid— I'Oj  —rhospho 
roas  acid  may  be  prepared  by  the  action 
of  the  air  upon  aticlis  of  pliisplioms,  at 
ordinary  teraparaturea.  For  Una  purpose 
pt»ce  a  few  stjcks  of  phospborua  iii  a  funnel 
under  n  bell-glaas,  as  represented  in  the 
Kgiii-e.  The  glass  is  sapported  a  little  above 
tlie  table,  to  allow  the  air  to  eutei  Reg 
nault  advises  to  pat  the  stioka  of  phosphoi  at, 
in  small  glass  tubes,  having  eapillaiy  cper 
tures  for  the  aoid  to  pass  tbiough  as  it  la 


*sS^. 


—277.  Wbatiiaeiamadeof  pho'ipborusi  Howarefucti  n 
matchea  made?  27S.  What  compounds  of  phoaphorus  and  oxygen  aie 
there  ?  279.  How  may  dinoside  ol  phosphorus  be  piepared !  281  How 
may  phoaphorous  aoid  be  prepared  f 
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2-16  COMPOUNDS  or  phosphorus  and  oxygen. 

formed,  but  they  are  not  essontial.  Too  large  quaullties  of  pliosphoroB 
shoulcl  uot  ba  used  at  once. 

282.  Phosphoric  Acid— PO^;  eq.,  (32  +  40=)  72.  — This 
acid  is  formed  by  burning  phosphorus  in  air  or  in  oxjgen  gas,  ss 
in  the  esperiment  given  above  (276).  To  prepare  it  perfectly 
anliydrous,  tlie  receiver  should  be  placed  oyer  mercury,  and  the 
oxygen  or  air  supplied  siiould  be  perfectly  dry.  The  acid  appears 
as  a  dense  while  vapor,  which  is  gradually  precipitated,  and  may 
be  oolieeteJ  In  the  open  air  it  at  once  absorbs  moisture  It  tbe 
wliite  flAes  ire  collected  and  igailed,  the  miss,  ifter  coohn^  la 
sera  1  transparent,  and  is  called  qla  lal  phcsphwic  a<.id  This 
led  trom  calcined  bones 

1  acid,  a  very  pood  mode  is  to  digest 

J  acid,  with   tlie    iid  of  heat      One   patt  of 

jhosphoiu?,     with     13 

[ait'i   of    the    acid     of 

speoifio  giayity  1  20,  is 

placed  in  i  gliia  letort 

which  connects  with  a 

that    IS    kept 

cold  by  a  stream  of  cold 

water,  as  shown  in  the 

figUie  ind  heat  implied 

.  fumes   of    nitioua 

gnen  off   ind 

the  tho=(phorus  rip  dly  consumed  The  liquH  ooUected  m  the 
receiyei  is  now  to  be  pouied  back  into  the  retoit,  ind  heated 
until  the  wator  and  any  remaining  nitrio  acid  lie  expelled  On 
cooling  it  will  becDrao  solid,  and  present  the  same  appearance  aa 
ghual  phosphoric  acid  juat  disciibcd  The  acid  thus  obtained 
condina  1  cq  of  witer  f  3i  cnch  eq  of  the  acid,  and  is  called  mono- 
hydnted  and 

The  inlivdroua  phosphouc  icid  has  i  very  strong  affinity  for 
■water,  and  when  thrown  into  it,  unites  with,  it  with  great  energy, 
often  producing  alight  espIo&ioDS,  in  consequence  of  the  heat  pro- 

QuESTiONS — 2'^2  What  IS  tbe  composit  en  of  phosptiorie  aoid  ?  How 
jB  It  prepnied '  How  bj  tlie  u30  ot  citnc  aoid  ?  What  is  said  of  its 
eompouuds  with  witei ' 
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COMrOCNDS  OF  PHOSl'IIORDS   AND   HYDKOGEN.  247 

duced  "WitU  water  it  forms  three  different  compounds,  as  fol- 
lol^a,  the  tiist  two  of  which  have  beeu  called,  reapectively,  meta- 
pho^phoiic,  and  pjrophosphoi'io  acids. 

Monohyi^rated,  or  m  eta  phosphoric  acid,  POsjHO. 
Bihjdratcd,  or  pjrophosp boric  acid,  P0s,2H0, 
Trihydrated,  or  common  phosphoric  acid,  POs,3riO. 

These  three  acids,  or  rather  compounds  of  acid  and  water,  can- 
not be  distinguished  from  each  other  by  estemal  appearance,  but 
dissolyed  in  water  they  manifest  chemical  characteristics  which 
render  them  quite  distinct;  they  also  form  salts,  which,  though 
much  alike  ia  their  general  properties,  are  nevertheless  easily  dia- 
tinguisbed  from  each  other  by  the  proper  tests. 


Oom^oundi  of  Phospliorus  and  Ili/drogen. 

There  are  several  compounds  of  phosphorus  ind  hj  Ir  gen  but 
one  only  w  11  c!a  m  attention  fiom  ui  tht  common  jloihuitttd 
hjd    gp     PIIj      The  other;,  ire  P  H   and  THj 

283  Phosphide  of  Hydiogen—PIIj  e|  i^3  +  ^=)25  — 
This  giseous  lubistince  called  ilio  ^7  j.1  u  tttd  Ijh  j  i9 
host  piepaiel  by  hpat  nj^  some  stitl  s  of  phospl  orus  m  a  strong 

solut  Ott  of  ClUStil,  pot 

ash     in  a   ■^mall  glass  zsw™'^***^     •"•^s=5=„  *i 

re  ort     which     at    the  j[    ^HI^^sJ^^^^^^ 

begin n  ng  of  the  opera 

tion     should    be   quite 

filled   with    the    n  ate 

rnls        If     then     tie 

n    uth  of  the  retsrt  i' 

mide  to  5ip  si  B^^tly  it 

a  bisia  of  water    each 

lulble  of  the  gvi  as  it  h  al  s  into  the  an   will  bu  st  into  iflime 

13,  What  phosphide  of  hjdiogen  is  meatiojied  1     How 
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or  PHOSi'iiomiiJ  and  hydrogen, 

with  the  formation  of  beautiful  wreaths  of  amoke  of  phosphorio 
acid,  as  shown  in  the  figure. 

In  the  presonce  of  potash  phosphorus  has  the  property  of 
deooraposiug  water,  especially  if  the  temperature  be  raised;  the 
oxygen  and  the  hydrogen  both  combining  with  separate  portions 
of  the  phosphorus,  producing  the  tai-oxide  of  phosphorus  (phos- 
phorous acid)  and  the  terphosphida  of  hydrogec.     Thus, 

2P  +  3E0  +  KO  =  KO.POa  +  PH^. 

Instead  of  potash,  milk  of  lima  may  be  used  with  the  same 
result. 

Still  another  method  of  procuring  it  is  to  decompose  phosphide 

of  calcium  by  water,  or  dilute  hydroohlorio  acid;  but  when  this 

acid  lb  u=ed  the  gas  which  is  given  ofi  is  not  spon 

■-^3  taneouely  itiflaramable      It  see  ns  tn  be  vory  well 

'S'  dtteiminel  th'»t  the  spontaneous  combustion  of 

this  eaa  in  ceitain  case^  i"!  owing  to  the  presence 

of  tha  vapor  ot  another  phoaj hide  of  hjdiogen  eon 

taming  proportion  ably   more   pho'phoms    which 

may  be  sepirated  by  pis'ing  the  gas  thiough  a 

tube  sunounded  by  a  freeamg  mixtu  ^ 

0    y   eomtu  11         Othi-r  com! I stiblc  Bi'°'-s,  as  hydio^en   are  male 

to  inflame  spontineoisly  1  j  receivin;,  a  portion  of 

the  vapor  of  th  s  mfiammable  phosphilo 

Topiepttrepliospi.  de  of  oakmm   select  a  tube  of  green  glass  lalfan 

-' —  " ■"  a  foot  long-  Bfal  one  end  hermetioally  and  bend 

t  a  li  tie  as  reprcsentdil  n  tl  e  figure 
Id  the  se[iled  end  pat  s  me  p  eces 
ot  ph  spkor  s  and  than  itold  ug  ths 
et  a  ght  part  n  a  ho  aon  al  poa  on 
nt  0(1  e  s  me  !oeis  of  well  b  ned 
PreparitiDnofPhoaph  e  C«  un.  j  ^  ^  The  pa  t  conta  mug  tl  a  me  9 
neit  to  be  heftted  to  edneEs  by  meins  of  b  n  g  ehaiBoal  when  heat  a 
also  to  be  applied  to  tt  e  ph  sphotus  suftio  ent  to  vo  at  e  an  ha 
vapor  coming  in  contact  with  the  heated  lime,  at  once  unites  with  it  to 
fovin  the  phosphide  of  oaloium.  This  stould  be  preserTed  in  bottles 
with  close  stoppers ;  but  even  then  it  graduaUy  undei-goes  decern positiou. 
Tei-phosphide  of  hydrogen  is  a  oolorlaes  gas,  with  a  verj  disagreeable 

lii  of  bjdrogen. 
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1  Tol  of  f 


■eighs    4.3 


6  vols,  of  hjdrogen  weigh  ('063  X  6)     -414 
Foi'ining  4  Tola.  of  tlie  tcrphospliicie,  4'74CI 
lB  volumo  tliorcfore  weighs,  or  the  decsitj  of  tlie  gas  is, 


Other  Compounds  of  Pho^phonm. 
PLospMde  of  Hitrogen,  NaP,  is  a  white  solid,  wliieli  is  infusible  ei 

284,  Chlorides  of  Phosphorus  .—There  are  two  clilorides  of  phosphor 
PClj,  and  PClj,  corraspondiug  in  eomposition  to  phosphorous  ana  ph 


QnESiiOB.— 26i.  What  chlotidee  of  phosphorus  a: 
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pliorus  in  tlie  retort,  D,  utere  the  ohlorida  is  formod,  and  Bftenrarda  con- 
doHHBd  in  the  receiver  E,  which  is  kept  cool  by  a  stream  of  oold  water 
It  is  a  colorless  liquid,  of  a  density  of  1'45,  which  boils  at  about  172°. 

385.  PeroUoride  of  Phoaphoms  is  f 
with  ehlorine.     It  is  a  solid,  having  it; 
'    it  about  298°. 

Bromine  and  sulphur  combine  readily  with  phosphorus, 
but  the  oompounds  are  not  important. 

Iodide  of  Phosphorns  is  formed  by  bringing  the  two  sub- 
stanoes  together  in  a  vessel  where  as  Uttie  air  may  have 
admission  as  possible.  It  forms  a.  dark-colored  mass. 
Tbese  two  aubatanees  afford  one  of  the  few  instances  in 
which  reaction  takes  place  between  two  solids.  Let  a 
f  w  ry  tal  of  iodine  be  dropped  into  a  wine-glass,  upon 
a  m  11  p  s  of  phosphorus,  and  immediately  place  over 
b  g  ss.  By  the  hent  produced,  the  phosphorus 
w  Aimed  and  a  portion  of  the  iodine  sublimed ; 

d  h  wh  te  cloud  of  phosphoric  acid  (152),  mingling 
wi  h  h  nse  iodine  vapor,  presents  to  the  eye  a  very 
p  g  appearance. 


A>«K  As;  E,iiiiml<fiit,  75;  Drnsiii,,  5'8 

286.  History  and  Preparation. — Arsenic  Laa  ve  y  g  d  Uy 
btion  classed  with  the  metals,  chiefly  on  account  of  t..  metali  c 
lustra,  and  comparatively  high  specific  gravity;  hut  n  ta 
chemioal  prupertics,  it  is  mucb.  more  closely  allied  to  the  n  etal 
loids,  with  which  it  is  hero  classed. 

Arsenic  somotimea  occurs  native,  but  usually  it  is  found  ia  com- 
hination  with  the  metals,  and  especially  with  iron  and  cobalt. 
The  substance  itself,  or  some  of  its  cotnpoands,  seems  to  have 
been  known  from  tho  earliest  times. 

It  may  readily  he  prepared  by  heating  the  mineral  called  mis- 
pickel,  which  is  a  natural  cnmpouDd  of  arsenic,  sulphur  and  iron, 
in  close  vesBeLs,  by  which  the  arsenic  is  espelled  and  the  sulphide 

Questions. — 285.  IIow  is  iodide  of  .phosphorus  prepared  f  What  is 
eiiid  of  the  action  of  iodlue  and  phosphojus  upon  each  other  ?  286.  Why 
(i-iB  arsenic  often  been  classed  with  the  metals  !  Why  is  it  hero  clBfiSed 
■vith  the  metalloids  ?     With  what  is  it  usually  found  cooibined  ? 
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of  iron  rema  qi  Bj  j,  h  a  n^^  t  with  blaek-fliiK,  tlie  arsenic 
is  obtained  nearly  jiure  If  tl  e  pn  vcriaod  mineral  is  well  mixed 
with  Hack-fi  X  at  tie  beg  n  ng  and  no  a,ir  admitted  into  the 
apparatus,  a  s  ngle  op  ra  on  will  affo  d  it  in  great  purity. 

Let  a.  com  noa  Hess  an  c  ile  be  half  filled  with 
the  mixture  and  then  place  another  crucible,  a  size 
smaller,  in  an  inverted  pos  t  on  al  ove  it,  as  shown  ia 
the  figure,  carefully  lutmg  them  at  their  junction.  A 
moderate  heat  should  then  be  applied  to  the  lower 
crucible  and  very  gradually  raised.  The  arsenic  will 
be  sublimed  from  the  mixture  and  condensed  in  small 
crystals  in  the  inverted  cruable,  which  should  have  a 
very  small  aperture  in  the  bottom,  to  allow  the  air  to  "  I 
escape  as  the  heat  is  raised 

287.  Properties. — Aisemo  is  a  bnttle  substance,  of  a  dark 
color,  and  feeble  metiUio  lustre  Heated  to  about  S56°,  it  is 
sublimed,  without  first  meltinff,  as  is  the  case  with  most  sohds 
Its  vapor  has  a  strong  gailir  odor,  by  whith  its  presence  may  he 
recogDiscd,  and  a  density  of  10  37  Heated  in  the  open  an,  it 
readily  takes  fire  and  bums  with  a  liviJ  fliime 

Arsenic  is  often  sold  under  the  very  improper  names  of  cohak 


Compounds  of  Arsenic  and  Oxygen. 

288  Two  compounds  only  of  arsenic  and  oxygen  are  known, 
both  of  which  are  acids,  and  in  composition  correspond  to  phos- 
phorous and  phosphoric  acids. 

289  Arsenioua  Acid— AsOa;  eq.,  (75  +  3  x  8— )  99. — This 
compound  is  the  a)  ienic,  or  rats'  hane,  of  commerce,  well  known 
as  a  destructne  poison.  It  ia  always  produced  when  arsenic  or 
Its  otes  aie  heated  i    the  open  ar      It  ia  usually  sold  in  a  state 

{juB'naNa — How  mav  fir  p  o  be  sei  arated  from  its  oompouiida? 
287     Desonbe  a.  sen  "Wh^t    s  sa  d     f  ita  odor?      288.  What  oom- 

pouiida ot   arsen  o   lod  oi  „Bn   a  e  1  n  wn  ?      2Sf>.    By  uiiat  names  is 


Ho.led  by  Google 


252  COMPOUNDS  OF  AUSENIC  AND   HYDROGEN. 

of  fine  white  powder;  but  when  first  sublimed,  it  is  in  the  form 
of  brittle  masses  more  or  le«3  transparent,  colorless,  of  a,  vitreous 
lustre,  and  concli  d  1  f  tu  This  glass,  which  may  also  be 
obtained  by  fusion  dually  h  mea  opaque  without  undergoing 
any  apparent  cha  f  t  ut  on,  but  becomes  more  soluble  in 
water  than  bofo  It  p  fi  gravity  is  3-7.  At  380°  it  is 
volatilized,  yield  n  ap  wh  h  do  not  posaess  tho  odor  of 
garlic,  and  which  nd  n  un  hanged  on  cold  surfaces.  Ifthrowtt 
on  burning  charcoal,  the  garlic     d  p  d,  because  of 

the  reduction  of  the  oxide  by  the  i,    1   n 

DcatruotWe  as  this  substance  ia  toth         m  m    n  minuto  doses 

parts  of  Austria  and  Hungary,  it  ia  h  dm  ich  in  tlie  same 

manner  as  narcotics,  and  even  admi  li              The  effect  is 

eaid  to  be  to  give  a  roundness  and  m  anj  olcarneas  and 

fresbnBSB  to  the  ooinpleiion.     Horses  m               oeive  it  in  their 

food,  haTB  a  fat  and  plump  appearance,  and  bright  and  glossy  skins.  It 
also  improyes  their  tireathing. 

This  substance  is  80  frequently  used  to  destroy  life,  tliat  its  defestion 
ji  auspicious  eai 
remarks  on  this  i 


290.  Arseuio  Add— AsOj ;  eq,,  {75  +  8  x6=)  115.— This  acid  may 
be  fonned  by  diasolTing  arsenioua  acid,  just  described,  in  nitric  acid 
miieil  «ith  a,  littla  of  the  hydrochloric,  and  evaporating  to  dryncBS.  It 
la  ft  powerful  acid,  much  resembling  phosphoric  acid  (247) ;  with 
which  it  is  isomorphous.  Its  salts  are  also  isomorphons  irith  the  salts 
of  phospliorio  acid. 


C'ompowjda  nf  Arsenic  aud  Ili/droi/en. 

291.  Two  compounds  of  these  elements  are  known,  one  of  which  ia 
solid,  and  the  othar  gaseous.  Of  the  former,  little  is  kuown,  with  cer- 
tainty, and  we  therefore  do  not  further  allude  to  it. 

893.    Arsenido  of  Hydrogen,  Arseniurettfld  Hydrogen  —  AbIIj;   eq., 

"    (76  4-3  =  1  78.. — This  gas  is  evolved  when  arsenide  of  tin  or  zinc  ii 

treated  with  strong  hydrochloric  aoid,  or  when  sulphuric  or  hydroohlorif 

acid  is  made  to  act  upon  xinc  or  iron  in  the  presence  of  any  soluble  com- 

To  prepare  it,  pour  upon  some  pieces  of  zinc  diluted  sulphuric  aeit 
with  a  few  drops  of  solntion  of  arsenious  acid ;  the  gaa,  which  burns  wilt 
a  feeble  blue  flame,  will  be  at  once  r.ipidlj  evolved. 

QuEsnoss. — Describe  arsenious-.aeid.  For  what  purpoac  is  it  oftei 
used !  200.  To  what  other  acid  i^ii^rsenic  acid  analogous  ?  292.  Ho» 
is  arsenide  of  hydrogen  prepared ! '~ '" 
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When  Ihus  prepared,  the  reactions  are  as  indicated  in  the  following 
formula,  the  sine  being  oKydized  at  the  espenee  of  the  osjgon  both  of  the 
water  and  the  areenioiia  acid.     Thus, 

eZn  +  3H0  4-  ABO3  +  6SO3  =  6  (ZnOjSO^)  +  AsHj. 

The  gna  has  a  paouliar  nauseating  odor,  and  is  exceedingly  poiaonoiis  . 
tl3  density  is  2-69,  and  by  a  cold  of  —22°  it  ia  converted  into  a  liquid 
nndor  the  ordinary  atmospheric  presaure.  By  chlorine  it  is  instantly 
deoomposed,  chloride  of  arsenic  and  hydrochlorio  aoid  being  formed. 
By  solution  of  blue  -vitriol  it  is  rapidly  absorbed,  and  arsenide  of  copper 
precipitated. 

Ttie  equivalent  of  this  gas,  AsHj,  answers  to  i  Tole.,  ■which  is  thus 
constituted : 


4  Tols.  arsenide  of  hydrogen,  10*784 

Weight  of  one  toI.,  or  the  oaleolated  density  of  the  gas,  261 
We  ahnO  have  occasion  to  spea^  of  this  compound  again  in 
with  the  delectiou  of  arsenic. 


of  Arsenic  with  Sulphur  and  Olher  Mements. 

393,  Sulphides  of  Arsenic. — The  bisulphide  of  araenic,  ASj,  is  found 
native,  and  called  realgar  by  mineralogists.  It  may  also  be  formed  by 
act.  It  is  of  a  dull  red  ccloc.  The  Iflrsulphida,  AaSj,  is  the  orpiment, 
or  Ung's  ydloio  of  commerce.  It  is  formed  artificially  by  passing  a  cur- 
rent of  hjdrosulphnrio  acid  through  an  acsenio  solution  containing  a 
little  free  a<ad.  It  is  also  found  as  a  natural  production,  and  ia  of  a 
bright  yellow  color,  and  is  sometimes  called  siilpharsenioui  add.  A  thlid 
compound  of  these  elements,  the  pmtasiilphide  of  arsmic,  A3S5,  called 
also  sttl^harsemc  acid,  ia  formed  by  mixing  solations  of  hydrosulphurio 
and  arsenic  aoids.  It  forms  slowly,  and  aome  days  are  often  required 
before  the  whole  is  precipitated. 

The  compounds  of  arsenic  with  chlorine,  iodine,  phosphorus,  &c.,  will 
be  found  dosoribei  in  larger  works. 

Qhestions. — Describe  the  reactions  which  take  place  in  the  prepara- 
tion of  arsenide  of  hydrogen.  What  are  some  of  tiio  properties  of  this 
gas?    293.  Vihatiartalgarf    What  is  ojpimen;  ? 
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294  P  la  h 

tunate  mm  h  b      m 

apecia  mp  bo    b     w   h  d 

mcut  d     b 

295  Th  as  w        dff 
arseni              w      b                                 m    k 
most    m                   A  b 

se^era  dfi  hdwbpd  p  p 

tions  0    h        p  b 

I  M     h    T 

oltin  ziuc  an  1  pour  on  them  a.  small  quantity  of  dilute  Oil  of  vitriol 
(0  1  of  vitriol  1  part,  and  water  8  parts),  and  insert  a  oovk 
w  th  a  small  tube,  as  shown  in  the  figure  Very  soon 
hvdrogen  gas  will  begin  to  be  evolvei),  as  m  tlie  piepai-a- 
tion  of  hydrogen,  Aft«v  a  little  time  the  jet  of  hydrogen 
may  he  inSamed  ;  ond  if  all  the  materials  used  were  pui  e, 
0.  pieoe  of  glass  or  poreelun  held  in  the  flume  nill  csceire 
no  stain,  but  only  a  deposition  of  moieturo  from  the  com- 
hustiou  of  the  hydrogen. 

The  oork  and  tube  being  now  remoyed,  introduce  aoiiie 
of  the  suspected  substance,  or  water  in  wBioh  the  suspeetfd 

Bubstanoe  has  been  digested,  with  the  aid  of  heat  if  neoca- 

HarshsTest.  sary,  and  immediately  replace  the  cork  and  tube.  In  a 
little  time  the  jet  of  gas  may  be  relighted  ;  and  if  any  nppre- 
ciahle  quantity  of  arsenlons  acid  is  present,  a,  piece  of  clean  glass  or 
porcelain  held  m  the  flame  will  at  once  receive  a  block  stain  upon  its 
Burfaoe,  caused  by  a  deposition  of  areeuio. 

If  the  quantity  of  arsenioua  aoid  present  is  large,  tlie  flame  ipill  be 
of  a  pale  color,  and  the  blackening  of  the  glass  held  in  the  flame  will  ho 
instantaneons ;  but  if  the  quantity  be  small,  the  blackening  effect  will  be 
produced  only  after  a  little  time. 

The  deposition  of  arsenic  here  is  fi-om  the  arsenide  of  hydrogen, 
which  ta  formed  in  the  manner  heretofore  (292)  esplained.  The  cold 
substance  held  in  the  flame  causes  the  deposition  of  the  arsenic  while 
the  hydrogen  is  consumed. 

This  is  perhaps  the  moat  delicate  test  of  arsenic  known,  hut  in  using  il 
some  precautions  maat  always  be  observed  to  avoid  mistake.  In  some 
cases,  wliere  organic  substances  are  present,  spots  similar  to  those  pro- 
duced by  arsenic  may  be  formed,  that  may  be  mistaken  for  arsenic  by 

QoESTioNH.—agS.  ^fbat  is  said  of  the  number  of  testa  for  arsenic! 
Describe  Marih's  Ust.  Prom  what  ia  the  aiBenio  deposited  ?  What  is 
iaid  of  tlie  dslioiioy  of  this  test ! 
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the  Inexperienced  ;  and  antimony  will  form  Bpofs  Terjmucfi  lilie  those 
of  nrBenio.  Means  must  therefore  be  adopted  to  test  the  material  form- 
ing the  dark  spot  upon  the  porcelain.  For  this  porpoee,  it  will  generally 
ba  HUfficient  to  hold  the  spot  a  few  minutes  in  tlia  flame  of  a  spirit-lamp  ; 
if  the  depoaite  be  araenio  it  will  be  volatilised,  and  disappear,  bat  if  pro- 
duced by  antimony  or  other  substarmes,  it  will  remain.  So  alao  arsenio 
spots,  espoEod  a  few  minutes,  at  a  moderately  oleyated  temperature,  to 
vapor  of  iodine,  become  yellow,  and  then  subsequently  disappear  by 
exposure  to  the  air. 

U.  Eetooh'B  Test,— la  a  portion  of  the  suspected  liquid,  made  acid  by 
hydroohlorio  acid,  place  a  piece  of  metallic  copper,  previously  filed  per- 
fectly bright,  and  heat  the  whola  nearly  to  the  boiling  point.  If  any 
appreciable  quantity  of  arsenious  acid  bo  present,  the  arsenio  will  bB 
deposited  upon  it  as  a  gray  crust  of  a  metallic  luatre. 

ni.  Teat  by  Hydrosulphnrlo  Aold.—Through  a  portion  of  the  sus- 
pected substance,  supposed  to  be  iu  the  liquid  form,  aoidul:itod  with 
Eiuiiatic  acid,  pass  a  ourrent  of  hydrosul- 
phurio  acid  gaa  for  half  an  hour,  and  then 
■   if  arsenic  be  pre- 


sent, a  jello 
— will  be  for 
oucrant  of  g 
seen  by  th 
niaterioJs  foi 
a  flash,  and 

be  air-tight; 
in  the  liquid 
as  to  reach  n 
it  escapes,  bu 
described  (2G  ) 
soluble  in  aq 
IV.  Test  b 


( 


of 


the  nitrate  o 
thrown  down 

A  preoipil  uni        m 

prodaoed  by 

oipitate  form  ol 

before  any  r 

V.  Test  by  Ammonia-Sulpliate  of  Copper.^Solution  of  sulphate  of  cop- 
per produces  in  ueutral  or  alkaline  solutions  of  arsenious  compounds  a 
beautifHil  green  preelpitato,  sometimca  called  Scheele's  green.     In  making 

Qdestions— Describe  Eeinch's  test.  Describe  the  tost  with  hydro- 
culpharia  acid.  Describe  the  test  with  ammoaia-niirale  ofsiher.  Describe 
the  mode  of  testing  with  ammonia-mJphate  of  copper.  What  will  be  the 
ealor  of  the  precipitata  ? 
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the  experiment,  it  is  best  to  ose  the  ammonia-BuIphate  of  copper,  which 
is  prepared  by  pouring  into  a  eolution  of  bine  yitriol,  aqua  ftmmonise, 
until  the  precipitate  at  first  formed  is  nearly  all  redissolved,  as  in  the 
corresponding  preparation  of  ammonia-hitcate  of  silver. 

But  this  teat  also  may  form  nith  other  substances  a  precipitate  similar 
in  appearonoe  to  lie  abovo,  so  that  further  esamination  should  always 
be  made, 

VI.  FlaJidin  and  Dangei'a  Test — Dry  the  suspected  subslance  (sup- 
posed to  be  organic,  as  sugar  or  starch,)  and  treat  it  irilh  one-fourth  of 
its  weight  of  the  strongest  oil  of  Titoiol,  and  apply  heat  nnlil  it  is  quite 
di-y  ; — llie  mhole  will  now  be  reduced  to  a  black,  friable  mass,  which  can 
easily  be  pulverised,  and  is  then  to  be  boiled  with  strong  nitric  mixed 
with  a  little  hydrochloric  acid.  By  this  process  the  arsenio,  in  whatever 
form  it  may  be,  is  oonyerted  into  arsenic  acid,  which  after  the  whole  has 
been  again  evaporated  to  dryness,  to  espel  any  remaining  nitrio  acid, 
and  redissolved  iu  pace  water,  may  he  examined  by  the  appropriate  tests, 
not  for  araenious  but  for  arsenic  acid. 

For  this  latter  purpose,  the  aramonia^nitrate  of  silver  may  be  used, 
wliich  gives  with  arsenio  aoid  a  briclt-red  precipitate. 

Or,  the  arsenio  aeid  being  obtained  in  solution,  may  be  precipitated  as 

arseniate  of  lime  by  lime-water,  and  from  this  precipitate  pure  arsenio 

'    '  i  metallic  lustre  may  be  obtained  by  the  process  neit  to  be 


YII,  Eednciion  of  tlie  Arsenic. — ^ben  arsenic  is  present  in  any  appre- 
ciable quantity,  it  may  always  be  obtained  in  a  separate  state,  so  as  to 
bo  reoognised  by  its  peouliar  metallic  lustra  and  garlic  odor;  and  no 
chomist  in  any  particular  case  will  positively  swear  to  its  presence  unless 
he  is  able  thus  to  procnre  it  i 

JFor  this  purpose,  provide  a  tube  of  hard  glass,  a  qnarter  of  an  inoh  in 
diameter  and  three  or  four  inches  long,  with  one  end  beriDeticnlly 
sealed;  and  fill  it  to  the  depth  of  half  an  inch  with  a  mixture  of  the 
suspected  substance,  charcosd,  and  carbonate  of  soda,  the  whole  being 
previously  well  dried  at  a  moderate  heat,  and  ground  together  to  a  fine 
powder.  Aftec  wiping  the  inside  of  the  tube  with  a  little  cotton  attached 
to  a  wire,  to  remove  any  dust  or  remaining 
moistnre,  a  strong  heat  is  applied  to  the  end 
of  the  tube  containing  the  mixture,  by  which  the 
arsenic  will  be  separated,  to  be  again  condensed 
upon  the  sides  of  the  tube  a  little  above  the 
heated  part.  The  bright  metallic  lustre  will  at 
once  be  reoognised,  and  by  breaking  the  tabe 
and  beating  the  part  coated,  aa  in  (he  fignre,  the 
peculiar  gariio  odor  will  be  perceived.  Other 
teats  may  also  be  applied  to  it  if  desired. 

be  applied  to  any  of  the  precipitates  obtained  by 


Questions.— Describe  Flandin  and  DanffCi's  test.  Describe  the  mode 
of  testing  by  reduction  of  tiie  ai-senio.  How  does  the  arsenio  show 
itsolf !  May  ilie  last  mode  be  applied  to  (he  precipitates  obtained  by 
the  other  modes! 
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ji9S.  Id  tLcBS  direetion^  ne  ure  supposed,  ae  a  general  thing,  ta  ba 
qpBratJng  nith  pure  arsenical  solutions,  but  in  cases  of  actuiLl  poisoniDg 
it  will  usually  be  otherwise  ;  and  it  often  becomes  an  important  objeot  to 
be  able  to  separate  the  organic  matter  contained  in  the  snapectod  sub- 
stance. Sometimes  the  aubetance  will  be  aoluble,  as  sugar,  which  will 
not  iaterfere  badly  with  the  operation ;  and  at  others  it  will  be  of  such  a 
character  titat  it  can  he  removed  by  passing  through  it  a  current  of 
chlorine,  or  it  ma;  be  that  it  con  be  removed  onl;  by  heating  it  with 
strong  oil  of  vitriol,  aa  heretofore  (VI.)  described.  In  any  partioulnr 
ease,  the  mode  of  proceeding  to  be  pursued  must  bo  adapted  to  ilB 


CiitBON  J     Combustible  bodies,  and  inoapiibh  of  being  volatiliiod  c- 
n       T  S  "^^  *''*  higliest  temperatures. 


CARBON. 

Symbol,  0;  Eipuvalciit,  6;  Denaib/  (ciyslaUzed),  3'52. 

297.  History. — Carbon,  though  rarely  met  with  In  nature  per- 
fectly pure  and  unoombined,  is  one  of  the  most  iinportant  of  tbc 
elemenla,  forming,  aa  it  does,  an  essential  ingrodiont  of  nearly  all 
vegetable  and  animal  bodies.  It  is  found  in  a  variety  of  forms  ; 
and  whea  uucryptaliaed  and   unoombined,  its  color  is  always 

298.  Preparation  and  Properties. — Carbon  presents  itself  to 
us  in  a  variety  of  forms,  as  tlie  diamond,  graphite  or  phimhago, 
mineral  coal,  charcoal,  gas  coal,  and  perbaps  we  may  add  lamp- 
black, tbougb  tbe  latter  very  probably  differs  from  oharooal  only 
in  being  in  a  state  of  fine  division. 

QfBsriosa. — 29S.  !□  tliese  directions  what  are  we  supposed  to  operate 
with  !  Will  this  usually  he  the  case  in  practice  1  Will  it  often  be  neoes- 
sary  to  aeparate  organic  matters  from  tbe  suspected  substance!  What 
elements  constitute  the  fifth  group?  How  are  they  oharaoteriied ! 
307.  Givo  the  liiatory  of  carbon.  2a3.  What  are  aomo  of  the  vaiietiea 
of  carbon ! 

22* 
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3  orysUlizod  carbon    and  is  the  hardest 
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It  IS  alio  mucli  hgliiei  tlun  autlmutt  and  laoie  caailj  ignite] 
&Dme  ot  the  difterent  varieties  of  bituminous  coil  ire  caJ  mg, 
iphnt,  ckeriy,  and  caiinel  coal  Jtt,  also,  whieh  is  Usui  in 
jewelry,  is  a  bitumiaous  ooil,  and  in  the  saiui,  family  may  be 
included  itood  or  hovey  coal,  sometimes  oallei  hgnitp 

Antliiacite,  Oi  sloitc  lOal,  diffura  from  the  iboye  varieties,  in 
contaiDing  no  bituminous  matter,  and,  theiefire,  it  jields  nj 
loflammible  gas  by  h(it  Its  sole  combustible  ingied  Lut  is 
caibon  and,  consequently,  it  buna  without  flame  It  is  founl 
in  difii-ient  countries,  but  nowhere  in  such  profusL  ibundan  e  as 
in  tbe  eastern  pait  of  the  Stite  of  Pennsjlvaoia,  wbioh  supplies 
most  of  the  northern  and  eastern  piits  of  the  United  States 
isithfuel 

All  the  Tiiieties  rf  mmenl  coal  ire  believed  to  have  beeu 
f  imed  from  vegetable  substances,  which,  in  the  cbinirps  the 
earth's  surface  has  nnJergone,  have  become  bulled  beneath  it 

When  bituminous  coal  is  suhiected  to  a  high  tempeiiture  m 
clo=e  vessels,  or  with  only  a  limited  supply  of  atmo'.pberio  air, 
the  volatile  or  bituminous  manner  is  expelled,  and  the  remaining 
poious  carbon  is  calkd  co7ie  It  is  WBi.d  for  raauy  important 
[ui  poses  in  the  irta 

Chaiwal  is  prepaied  by  exposing  vegetable  mitter,  ind  espe 
ciilly  wocd,  to  a  high  tempeiatuit  in  close  ves^i-ls  oi  in  such 
circumstances  as  to  a\cid  the  p lestnoe  of  atmosplieiio  an  By 
the  heat  a  hige  quantity  of  watei,  acetic  acid,  tai,  and  othei 
nutters,  IS  expelled,  and  the  carbon,  with  any  mineial  matter 
which  has  boen  absorbed  from  the  soil,  remains  The  httei  con 
stitutes  the  aJits  which  remain  after  the  combustion  of  the  CDal 
in  the  open  air 

The  usu  il  method  of  prepanug  chaiooal  foi  oidmary  puipo->es, 
13  to  ignite  laige  heaps  of  wood,  whioh  aie  eoveied  with  earth  so 
as  to  idrait  only  a  limited  supply  of  atmospheric  air,  anl  the 
result  IS  lo  rTiat  oi  convert  into  coal  i  laige  part  of  the  wood,  by 
the  heat  occasioned  by  the  combustion  of  the  other  part. 

{JnESTioNa — Whit  is  said  of  anOii'acite  or  slonB-eoalt  Where  is  !( 
found  in  this  couiifry?  What  is  cokc7  How  is  chafooal  prepared! 
Wliat  custitutc-j  tlie  ashes! 
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Tte  figuro,  dimiaished  from  Kiiapp's  Teebnology,  represents  a 
section  of  a  coal-pit  ready  to  be  ignited.     The  stake  at  the  centra 


Boi-YCS  a  the  heap    and  hy  one  s  de  of 

which  sp-..-  ~ .- I  bj  diopping  m  pieces  of  very 

dry  wood  and  burning  coals. 

Charcoal  is  a  black,  hard,  brittle  substance,  perfectly  insoluble 

in  every  liquid,  but  attacked  and  osidiaed  by  strong  nitric  acid. 

I  a  g  d  n J  to  f  lectricity,  but  a  non-conductor  of  heat ; 
1  ttl  {dp  by  and  moisture,  and  is  perfectly  infusible 
th    m    t    ntc        li    t  that  can  be  applied  to  it.     Heated  in 

th      p  I  li     fi      and  burns  freely,  especially  if  in  large 

m  1  a    ng    nlj  a      all  residue  of  as!ies. 

299    Ch         I  p  3  the  property  of  absorbing  a  large 

qu  nt  fy    f  th      gases,  at  common  temperatures,  and 

f  y   Id  ng  tJ  t      part  of  them  again  wlicn  it  is  heated. 

Keoently  burned  ohaitoal  absorbs  air  and  moisture  so  rapidly,  for 
a  few  days,  as  materially  to  increase  its  weight.  Both  are  absorbed 
and  retained  with  such  force,  that  a  red  heat  is  required  to  espel 
them.  This  absorption  of  air  may  be  readily  shown  in  the  fol- 
lowing manner : — Let  a  piece  of  charcoal,  of  moderate  si^e,  be 
heated  to  redness  for  a  few  minutes,  and  then  quenched  under 
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meronry,  and  placed  under  a  reoeiyei, 

mereunal  cistern      The  mercury  will 

to  rise,  in  consequence  of  the  absoiptjon  of  the 

within,  ■iffld  tte  process  will  continue  for 

hours 

Charcoal,  likewise,  absorbs  tlie  oJoriferous  a 
coloring  parlioles  ot  most  s 

substinces  When  colored  infu'iuna  of  thia  kind  """"g^ 
are  digested  with  a  propei  ijuantity  of  ohareoa!,  a 
solution  IS  obtained  which  is  nearly,  it  not  quite,  colorless. 
Tainted  flesh  may  be  depn\eil  of  its  odor  by  this  means,  and 
foul  water  be  punted  by  filtiatioii  through  charcoal.  The  sub- 
Btiace  commonly  employed  to  decolorize  fluids  is  animal  eharcojl 
reduced  to  a  fioe  powdei  It  loses  the  property  of  absorbing 
coloring  mattcis  by  use,  but  pirtially  recoveis  it  by  being  heated 
to  redneas 

At  very  lug,h  tempentures  ohirto  1  h  hi       iffinity  for 

osjgtn  than  aay  othu   substance,  ind        th      f  fen  heated 


With  osides  ot  the  mefala 

to  deoxidize  th 

m        d 

P 

a  them  of 

their  osygen 

LamjtblacL  is  minutely 

divided  c  b 

P    P 

d 

by  burning 

ro=m  01  tar  in  a  confiaec 

portion  of 

th 

th 

hydrogen 

only  of  the  material  la  consumed,  and    I 

b 

ins  as  an 

cxcei-dingly  fine  powder 

It  is  used 

P? 

d  for  other 

purposes 

Gat  coal  13  a  depoi.ite 

f  nearly  p 

b 

P 

the  inside 

of  the  kige  retorts  used  i 

the  miuL 

f   1 

m 

ating  gas. 

It  13  very  hard  and  black, 

and  a  giod 

d    to 

1 

tricity. 

Uses, — Carbon  is  used  as  fuel;  i 
pigment;  in  the  formation  of  steel j 
in  medicine  as  an  antiseptic,  &o.,  &c. 


pol   h      [  wder;  and 


— What  ia  Bftid  of  (he  affinity  of  ohavooal  for  osygen  at  high 
temperatures!  What  ia  lampblack?  What  use  is  made  of  it?  IVLat  is 
gas  ooal? 
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Compounds  of  Carhon  and  Oxygen. 

300.  Carbon  combines  with  oxygen  in  two  proportiqjiSj  form- 
ing  carljoiiic  oxide,  CO,  and  cartonic  acid,  COj. 

301.  Carbonlo  Oside,  PvotoxiflB  of  Carbon— CO:  eq.,  (6  -f-  8=)  14.— 
This  ia  a  gaseous  Buljstanoe,  anii  ia  best  propareil  Ijj  heating  a  miiture 
of  equal  parts  of  dry  powdered  oholk  and  iron-filings  in  a  gun-barral. 
Tlia  chalk,  which  is  oEiibonate  of  lime,  when  heated,  gives  off  its  oarbonio 
afiid  (the  oompound  nest  to  be  described)  in.  contact  with  the  heated  iron, 
by  which  one-half  of  its  oxygen  is  instantly  absorbed,  and  the  oarbonio 
oxide  thus  produced  passes  on,  and  may  bo  collected  over  water.     Thos, 

CaO,COj  +  Fe  =  CaO  -f  FeO  +  CO. 

Another  method  of  preparing  it,  is  to  heat  gently  a  mistnve  of  oxalio 
acid  and  five  or  sis  times  its  weight  of  oil  of  vitriol,  by  which  both  car- 
bonic oiide  and  oarbonio  acid  ore  produced  in  equal  volomes ;  but  tha 


latter  may  readily  be  separatee!  by  passing  it  through  a  eolation  of  causlJe 
potash  or  milk  of  lime,  in  the  three-necked  bottle,  and  collected  over 
water.    The  changes  which  take  place  are  as  follows,  viz : — 

CjOa,3HO  +  SOb,HO  =  S0j,4H0  +  COj  -f-  CO. 


QuESTiOHS. — 800. — What  compounds  of  carbon  and  oxygen  are  there  ? 
301.  Describe  tlio  mode  first  mentioned  for  prepnrinj;  carbonic  oside. 
The  aeoond  mode.  Is  carbonic  oside  combustible!  What  is  the  color 
uf  the  flame  t 
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It  will  not  enpport  re^pii-ation.  or  coml>uBtion ;  imd 
a  lighted  oandlo  bdng  iiamBrBed  in  it,  an  liecotofore 
desoribed  in  connection  wiUi  hydrogen  (198),  is  in- 
stantly extinguished. 

It  is  tills  gas  which  gives  the  blae  finme  seen 
about  the  &re  of  the  blaoksmith,  and  >□  anthracite 
stores,  when  the  door  is  soddeiilj  opened  soon  after 
tjie  fire  has  been  kindled,  and  in  luruacca  for  the 
reduction  of  the  metals  IVom  their  ores- 
Carbonic  oiide  ia  believed  to  be  composed  of  1  vol. 
of  carbon  vOipor  and  1  toI.  of  ozygea  combined  irith- 
out  condensation.     Thus, 


00  is  ComlueUbls. 

302.  Carbonic  Acid— COa;  eq.,  (6  +  16=)  22.  — Carbonic 
acid  is  remarkable  as  being  the  first  gaseous  substance  recognised, 
after  atmnspberio  air,  which  must  alwaj?  have  been  known.  It 
was  first  described  bj  Dr.  Black,  in  1757,  and  called,  by  him, 
ficed  air,  because  he  found  it  fafd  in 
common  limestone  and  magnesia;  from 
which  it  may  be  expelled  by  boat,  or 
by  the  action  of  any  strong  acid  It 
may  be  collected  over  wafer,  but  a  por- 
tion will  be  absoibed.  A  gaa-botlle, 
of  the  form  shown  in  the  figure,  is  con- 
venient for  preparing  it.  Some  frag- 
ments of  raaible,  and  water,  are  placed 
io  the  bottle,  and  the  cover  put  on,  i-rcpnruiinH  w  i^x-. 

and  then  strong  bydroohlorio  acid  U  poured  inlo  the  loiig-neckcd 
funnel. 

As  thus  prepared,  carbonic  acid  is  a  colorless,  inodorous  gas, 
of  apecifio  gravity  1  52;  100  cubic  inches  weighing  47-14  grains. 

It  is  considered  a  compound  of  1  vol.  of  carbon  vapor  and  2  vols,  of 
oxygen  condensed  to  2  vols.     Thus, 

Questions.— S03.  When  was  carbonic  acid  discovered?    What -was  it 
first  called!     How  maj  it  be  prepared!    What  is  its  spoeiiic  gra7itjj 


Ho.led  by  Google 


Or  we  may  consider  it  a  compound  of  2  toIs.  of  c 
vol,  of  oxygen,  oondeoBed  to  2  vols.,  aa  follows; 


2  Tols.  of  oarbonio  oxide  i 
1  yol.  of  oxjgea 


!i  {■971x2)l'942 


it  (as  rej.  ese  ted  'a  tl 

13  empt    dfron  t  will 

Ano  h  r  o  t  uot  ve  i 


Carbonic  acid  is  ao  maoh  heavier  than  atmospheric  air,  that 
may  be  poured  from  one  vessel  to  another  without  difficulty. 
Let  a  bottle,  with  a  wide  mouth,  be 
filled  with  the  gas,  and  then  plungo 
into  it  a  piece  of  lighted  paper,  or 
other  substance,  so  that  seme  smolte 
may  be  mixed  with  it  and  render  iis 
motions  visible.  Then  hflid  the  bottle 
in  the  hand,  as  if  poTiriog  a  hquid  from 
ire),  and  the  motion  of  the  gas,  as  it 
ade  apparent  to  tbe  eye. 
ment  of  the  same  character  may  be 
performed  as  follows :  Provide 
a  glass  jar  with,  a,  large  mouth, 
and  place  at  the  bottom  a  lighted 
taper,  as  shown  in  the  figure. 
Then  having  filled  another  jar 
of  about  equal  capacity  with 
carbonic  acid  gas,  carefully  re- 
move the  cover  and  gradually 
pour  the  contenfa  into  the  firs  t- 
*  ^  mentioned  jar; — the   flame  of 

tl  c  tip  r  will  fiiat  1  e  considerably  disturbed  by  the  motion  occa- 
sioied  by  the  descending  gas,  and  will  finally  be  estinguishod, 

QuEHTiONS, — How  may  tbe  Ligli  specific  gravity  of  carbonic  acid  bo 
sliowii  by  poui'hig  U  from  a  vessel  1     How  tn.ij  tlio  flamo  of  a  candle  bo 
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Ey  a  presaure  of  36  atmospheres,  at  S2°,  it  ia  oonverted  into  a 
beaatiful  transparent  liquid,  which  may  be  frozen  by  intense  cold, 
in  the  jnanner  already  esplained. 

303.  It  ia  capable  of  supporting  neither  oomhustion  nor  respira- 
tion;— a  hurning  candle  plunged  into  it  is  instantly  estiiiguished ; 
and  a  living  animal,  thrown  into  a  vessel  containiDg  it,  even 
thougb  considerably  diluted  with  air,  soon  dies.  Carbonic  acid 
ia  always  produced  bj  ordinary  combustion ;  and  lives  liavo  often 
lieen  Joat  by  persona  placing  an  open  dish  of  burning  charcoal  in 
their  bed-rooms  before  retiring  to  rest.  The  oxygen  of  the  air  in 
the  room  is  taken  up  by  the  carbon,  and  the  gas  in  qiiestion  takes 
its  place,  producing  the  effects  described.  It  is  produced,  also, 
by  the  decay  of  animal  and  vegetable 
substances,  and  sometimes  is  found 
collected  in  oaves  and  wells,  and  is 
called  choke-damp. 

Tliough  tliis  gas  does  not  support  oom- 
Ijustiou,  as  the  esperiment  is  ordiuarily 
made,  yet  potassium,  Bodiuro,  and  some 
other  of  tlie  metals  may  he  made  to  burn 
in  it.  For  this  purpose,  fill  a,  flask  idth 
dry  carbonic  aoifl  gas,  ancf  drop  into  it  a 
sm[dl  piece  of  potassium,  and  apply  the 
heat  of  a  lamp  at  the  point  where  the 
metal  lies,  by  means  of  a  blowpipe.  When 
it  hais  become  yery  hot  ihe  metal  tsikes  fire 
and  hums  brilliantly,  the  carbon  of 
carbouio  acid  decomposed  heing  i" 
npon  it  as  a  black  powder. 

304.  Soda-fotmtai'ns  are  formed  by  compressing  a  hrga  quantity 
of  this  gas  in  water,  contained  in  a  strong  vessel  adapted  to  the 
purpose.  When  the  tube  leading  from  the  fountain  is  opened, 
the  water  is  forced  out  by  the 
by  the  escape  of  the  gas.  Soc 
duoe  an  agreeable  drink,  ia  the 
of  bicarbonate  of  soda  and  tartaric 


■May  oarbonio  acid  be  eomprassed  to  the  liquid  foim! 
it  always  pcoduEed  in  ordinary  oombusfion  ?  How  may  ^olna- 
made  to  burn  in  it  ?  What  beoomee  of  the  carbon  of  Siie  carbonic 
i04.  How  are  snda-foraitiuns  formed  ? 


,  and  effervesces  violenfly 
ra,  &0.,  often  used  to  pro- 
of a  soda-fountain,  consist 
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together  in  solution,  produce,  by  chemical  action,  tartrate  of  soda, 
tlie  carbonic  acid  passing  off  into  the  air  with,  efi'ervesoenoe.  So, 
also,  the  efierrescence  which  takes  place  on  opening  a  bottle  of 
beer,  cider,  or  champagne  wine,  is  owing  to  the  escape  of  tbii 
gas,  which  has  been  produced  by  the  fermentation  of  the  liquid. 
All  kinds  of  spring  and  well-water  eoatain  it  in  small  quantity, 
and  become  ininpid  to  the  taste  by  boiling,  in  consequence  of  the 
gas  having  been  expelled.  It  is  aUo  always  present  in  the  atmo- 
sphere, and  in  some  cases  accumulates  in  considerable  quantities, 
as  at  the  Groflu  del  Cane,  in  Italy,  through  whiob  a  man  may 
pass  without  danger,  but  a  dog  on  entering  it  is  instantly  suffo- 
cated. The  carbonic  acid  here  eonstantiy  issues  from  the  earth, 
and  aoouniulates  at  the  bottom,  while  the  air  above  remains  com- 
paratively pure. 

805  Lnn  i  «in  i^  ^n  extf-llent  tcit  f^r 
oil  bom:'  acid,  and  a  ^e'isel  of  it  being  al 
bwert  to  stand  a  few  houi",  becrmes  coit  d 
«ith  a  polhele  of  caibonate  of  lime,  by  ab- 
sorbing this  gns  from  the  air  So  lime  wafer 
bfcomea  milky  by  blowing  into  it  with  a  tube 
fiom  the  lungs,  for  the  same  reason  A  poi 
tion  of  the  liaie  is  fhanged  into  cirbonate  of 
limL,  which  la  mi-jluble,  in  1  "i  i-j  the  natLr  its 
milkmesa 


Compounds  of  Carbon  and  Hydrogen. 

306.  Carbon  and  hydrogen  combine  in  a  number  of  different 
proportions,  producing  compounds,  several  of  which  are  of  special 
interest,  because  of  their  isomeric  character;  bat  we  shall  here 
describe  only  two,  both  of  which  are  gaseous,  viz.,  light  carhu- 
retted  hi/drogen,  G-^„  and  olefiant  gas,  OjHi. 

QuESliosa.— What  is  sfud  of  Uie  Orotlo  del  Cane  in  Italy?    305.  IIuw 

is  lime-watar  affected  by  blowing  through  it  wiGi  the  month!  (live 

the  reason  for  the  milkiness  produced !    306.  What  is  said  of  the  ooiii- 
pounclH  of  oarbon  and  hydrogen ! 
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307  light  Carburetted  Hydrogen— C  H  ■  eq  (12  ^  4=) 
16 — Ibsgaseal    da  o_;?         nj   narhja    lydocahu    i  wid 

U        t  Ijd   g  f   n    d 

\y   he       w  de  ompos      n  of  wood 
ani  woody  subs  an  e  1  r  water 

e  ].  c  al  y    n   warm    wea  h         and 

ay  be   ob  s.    ed    by  st      d^     he  ~^^^£ 

mud  and  oh      ma       s  at  the  b  _^g^ 

torn  of  s  'ignact  joola  (006^,11)  — ~ 

ad    0  eo  Oq  the  bubbles    f  gas   a 
a      ce  ve       shy       e      It      me 

nea  a  cun  u  a  es  n  la  e  [uan  t  es  n  ootI  mo  wl  e  e  t  s 
fo  m  d  by  the    0  on  of  w^ter  up  a  the  0  al 

It  a  best  p  epa  cJ  by  boa  ng  n  a  £1  s     mide  of  ha  1  f,  ass  a 

st  re  of      p     s  of    13       e  of  s  d     o  pa  t.  of  0    so  pot  ah 

nd  3  of    iu         me       The  coup  s    on  ot     be  a  e  c  a  d    9 

C  H  0    wh  cb     t  w  U  be  p    ce    ed    s  j  re    s  y  ei  ^I  to  2  eq 

ot  ca  bon  0  a  d  and  1  of  the  hyd  0  a  b    ot  a  q  est  0        T  u 

CHO  =%0  +CH 

The  use  of  tlic  lime  is  to  protect  the  gas  from  the  action  of  tbo 
potash. 

Light  carburetted  hydrogen  is  a  colorless,  transparent  gas,  100 
cubic  inches  of  which  weigh  17-37  grains,  giving  it  a  specifio 
gravity  of  0-56. 

One  Tolumo  contains  2  vols,  of  lijdrogen,  J  of  a  vol.  of  ccrbon  vapor. 
Tims. 

2  vols,  of  hydrogen  weigh  (-069  x  2)  -188 
J  vol.  vapor  of  carbon  (^")  '^^S 

1  vol.  of  the  hjdroearbnrot,  -bbQ 

A  burning  candle  is  estingnished  by  it,  but  it  is,  itself,  bighjj 
combustible,  and  burns  with  a  feeble,  yellow  flame.  Mixed  with 
twice  its  own  volume  of  osygen,  or  seven  or  eight  times  its  volume 

QuESllONS. — SOT.  In  what  situations  is  light  OEH-butetted  liydrogeu 
imturaily  focmod!  How  may  it  be  ooUeoted  ?  Ilowmayit  bo  puparod 
Mj'tifioiaUy  r 
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of  air,  it  esplocles  violently  by  the  elGctric  spark,  or  oq  the  ap- 
proach of  flame. 

308.  Oleflant  Gas,  or  Heavy  Carburetted  Hydrogen — OiH,j 
eq.,  (24  +  4=)  28.— This  gas  was  first  described  in  1796,  by 
BOine  Dutch  cliemisffi,  who  gave  it  the  Bame,  olefiant  gas,  because 
of  ifa  forming  with  chlorina  a  peculiar  oil-Jike  liquid.  It  is  color- 
less and  tasteless,  and  but  slightly  absorbed  by  water;  100  cubic 
inches  weigh  30-41  grains,  so  that  its  deesitj  is  0'98. 


Giving  f)i  1  \ol  of  olefiant  gas,  -974 

Olefiant  gaa  v  piepiid  by  mislng,  ia  a  capacious  retort,  one 
part  of  alcohol  with  four  of  concentrated  sulphuric  acid,  and 
heating  the  mixture,  as  soon  as  it  is  made,  by  means  of  a  lamp 
01  j^nittd  charcoal  The  acid  soon  acta  upoa  the  alcohol,  efier- 
ve=cecoo  ensues,  and  okfiint  gas  passes  over,  raised  with  other 
Bubstances,  chii,fly  sulphurous  and,  from  which  it  may  be  puriSed 


by  washing  it  with  solution  of  hmo  or  caustic  potassa  in  several 
of  Woulf  s  bottles,  as  shown  in  the  figure. 

As  might  be  esfected,  olefiant  gas  docs  not  support  com- 
bustion ;  but  a  jet  of  it  burns  in  the  air,  or  in  osygon  gaa,  with  a 

Qdestions. — Does  light  earliuretted  hydrogea  form  eiplosiva  mixtures 
with  oxjgen  or  atmosphario  air  I  808.  By  whom  was  defiant  gas  dis- 
eoreredt  Why  was  it  bo  called?  Describe  it.  How  ia  it  prepared? 
What  is  said  of  the  light  proSnceci  by  its  combustion ! 
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I    11  a  t  wL  tc  1  fcl  t      M  i  J  w  h     sj     a   o    a  j;  "1  ^i"  I  " 

port  0  3    t    \[1  ie    v  olentlj  lL.ethepe    d    ^    omjound 

309  lUuminat  ng  Gas  a  a  llv  a  mist  e  of  olpfiant  a  d 
1    ht  ca  bii  e  ted  bjiiro^j  n  gases  an  1    s  tormed  by  d  st  11  tin-    n 

t  Dces  o  b  turn  noas  coal  Bea  dea  the  gases  n  eat  oaed  tl  ere 
a  e  also  formed  otbe  hj Iro-carbons  b  t  n  le  s  qua  t  ty  111  m 
nat  ng  gTs  s  aae !  n  lamense  ^aant  t  es  n  la  ge  t  es  to  1  gl  t  ng 
the  streets,  and  for  fixed  ligbts  in  stores  and  other  buildings. 

Illumiiiating  gas  is  now  chiefly  prepared  from  bituminoas  coal, 
and  as  it  passes  from  the  retorts  ia  mised  with  tar,  carbonic  acid, 
sulphuretted  hydrogen,  salts  of  ammonia,  and  other  matters,  from 
which  it  must  be  freed  before  being  admitted  to  the  burnera.  For 
this  purpose,  it  ia  washed  by  passing  it  through  water,  and  then 
further  purified  by  passing  through,  vats  containing  recently- 
slaked  lime. 

If  this  gas  is  made  to  pass  through  a  heated  tube  it  is  decom- 
posed, and  a  part  of  its  carbon  ia  deposited  as  a  coating  upon  the 
ia=ide  of  the  tube.  In  this  way  large  deposits  of  pure  carbon 
aie  often  formed  in  the  retorta  of  gas-works.  It  has  been  de- 
SLiibed  above  (299)  as  gas  carbon. 

310  The  Hiitary  of  gas  manufacture,  for  iUuminatlng  purposaa,  pos- 
sesses in  loh  interest,  as  sliowing  Hie  groat  benofit  eonferred  bj  science  on 
the  Bits  and  domestio  and  public  economy.  In  IG80,  Mr.  Clayton,  of 
lorksliiie  England,  observed  that  a  brilliant  ligbt  was  produced  by 
limiting  the  gaa  wMeb  leaned  from  a  close  vessel  cootaiDlng  bituminous 
c  al  ■fflien  heated,  but  it  was  a  century  after  this  before  any  direct 
csperanents  wera  taaAe  with  it,  with,  reference  to  its  use  in.  the  aJiB.  In 
1  S5  the  praparatiou  of  gas  for  illumination,  &om  the  dosfa'uotiye  disUI- 
Ution  of  wood,  yms  Buggeated ;  but,  in  1792,  some  buildings  were  actually 
lUnnuBftted  with  gas,  in  Cornwall,  Engknd;  and  the  some  ttiing  was 
repeated  in  1798,  at  a  foundry  in  Birmingham.  In  1806,  some  of  the 
cotton  mJls  in  ManoheBtcr  were  first  lighted  with  gas,  by  means  of 
permanent  fiitnres,  prepared  for  the  purpose;  and  this  date  may  be 
a'lsumecl  aa  the  be^nning  of  the  use  of  gos-lights  for  practical  purposes. 
In  a  half  oentary,  therefore,  iiae  this  manufacture  attained  its  present 
I  iportance ;  and  the  time  is  not  distant  when  the  quantity  annually  oon- 
Bu  Jied  in  eyery  civilized  country  will  be  greatly  inereaaod. 

QoESTiONs. — 309.  What  is  illuminating  gas?  How  is  it  usually  pre- 
paied?  What  is  the  substance  cow  generally  used  foe  producing  it* 
ai  J   What  is  said  of  the  history  of  Ite  use  of  illuminating  gns  for  prao- 
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Nature  of  Flame. —  The  Sofefy  Lamp. 

311.  What  we  term  the  combustion  of  a.substance  is  occasioned 
by  its  entei-ing  into  eombication  with  aoms  other  substance,  usuiilly 
the  oxygen  of  the  itmo-Jphere  and  then  taking  another  form  as  a 
compo     df       )      0  ta  dp    duce 


ts      g  ni  rap  d      Bi     stioQ, 

Swue!      tte  corabuBtible  particles,  as  they  reach  tbe  air,  uniting 

QoBsmoKa.— 811.  What  is  ordinarily  tanned  oomhiJBtioti  ?  Mnac  tlierr 
bo  two  subatjiQcoa  to  prodnee  Eombnation !  What  are  iJiey  oaUad?  What 
is  flame  !  In  the  common  lamp  or  oaadle,  how  are  tiie  oombnsijble  gaees 
Bupplifid  ?  Of  mhn.t  several  pai-ts  is  the  flajue  of  a  candle  composed  ?  What 
is  the  diu'li  uitorlor  part! 


Ho.led  by  Google 


NATURE   OF  TLAME. — THE  SAFETY  LAMP. 

with  its  osjgen,  with  the  evolution  of  much  liglit  and  he 
3d,   the  part,  cc,  o  p  m  d 

chiefly  of  heated  a  m      d  m   h  p 

hustible  malter  in  a 

That  the  dark,  i  p 

gas,  may  be  shown  b 
centre  of  the  flam 
glass  tuhe,  as  ahow 
conveying  away  a  p 

the  flame  of  a  cand 
guished,  the  heat  i 


short  time, 
e  tallow,  and  th 
ntinue  to 
id  may  often  be 


fQ 


In  tho  flame  o 
'every  partiou 


1  the  form  of  smoke ; 
gain  relighted  by  applying  the  fiun 
mding  fiinoko,  eeveral  inahes  aboYe 
'  a  jet  of  gag,  precisely  the  ea  Hi 
,  will  be  observed ; — the  di  k  i 
moonsumed  gas,  surrounded  by  the  b   11  ant 
hollow   oone   of  flame,  and  this   enveloped     u 
still  another  less  brilliant  cone.     In  the  latter 
case,  the  gas  is  previously  formed  and  conBumed 
as  it  issues  into  the  air,  but  in  the  case  of  the 
candle  or  lamp,  it  is  formed  in  the  w  ck  ini 
instantly  consumed  as  it  escapes. 

312,  That  there  is  really  no  combust  n  n 
the  dark  central  part  of  the  flame,  apj  e  s  fr  m 
the  fact  that  the  wick  remains  there  i  on 
sumed,  and  is  even  protected  by  the  gas  es  st  ng 
there  from  being  attacked  by  the  oxygen  ot  i-ffM  tiiraid  a 
the  air.  In  burning  ordinary  tallow  candles 
the  wick  occasionally  becomes  too  long,  and  requires  to  be  snufled  ; 
but  the  wicks  of  the  best  spermaceti  and  wax  candles,  being  plaited, 


■How  iuay  the  rea]  character  of  this  gasbosliomi?  Will 
phenomena  ba  shown  in  the  fiame  of  a  jet  of  gas?  313.  Whj 
the  wiolt  of  a  candle  burn  off  quite  doTfn  to  tke  tallow ! 
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tliQ  end  cuil-i  outwaid  whpn  heateil  by  the  flame,  aod  coming  m 

enntaet  with  the  o^jg  n  of  the  ill,  is  gridujlij  consumed  a?  the 

.nile  burna   away       Thp   nei-essilj    of    snuffing   is   thtnifcie 

or  briiled  wiolr,  wliilfl  tho  candle  is  burning, 
[\  will  ilwaya  bond  toward    tb<it   &ide   in   wtn,h 

M\  the  direction  of  the  scpante  strands  is  npwird 

ti/  and  inward,  and  of  cour'it,  fnm  the  otliei  side 

in  whioh  the  diiei-tion  is  upwaid  and  outwaid 
Generally  the  simple  braidmg  of  the  wiok  is 
suffiuent,  but  somotiiDea  a  cjrd  cr  bobbin  is 
1  with  one  of  the  atrinds,  as  ri-iii-- 
one  of  the  figuies  in  the  miigin,  ind 
eomctimes,  al&o,  i  cord  is  bound  to  the  braided 
wioi,  by  s,  tbrp  d  wound  spii  illy  iiuunJ  it 
The  intensify  of  the  light  fiom  any  flame,  othei  things  being 
equal,  will  depend  upon  the  intensity  of  the  combu''tion,  and  this 
s  II  deoend  in  turn  upon  the  regulai  and  abundant  supply  ot  the 
II  bustible  and  the  aappoiter  "When  the  wiok  of  a  candle 
ecomes  t<io  long  or  that  of  i  hmp  13  too  high,  only  the  hydiogen 
ot  the  gaaea  formed  from  the  decDnipoaeJ  oil  is  conaumed,  the 
pailon  eacapes  in  a  hnely  divided  atite  a^  a  denie,  hhcb  smolif 
This  IS  beoiuse  of  the  too  rapid  supply  ot  tho  cjmbustibL,  and 
the  ii?ual  ri,me  ly  la  to  diminish  the  length  of  the  wiik  by  "snuf 
fing  or  otherwise,  but  the  same  thing  would  be  doaomphshed  by 
moiensing  the  supply  of  the  supporter,  oxygon  Thia  last  pur 
pose  13  effected  by  the  use  of  a  glaaa  chimney,  by  whn-h  a  i  nrrent 
of  air  IS  supplied  more  lapidly  to  the  flinie 

By  the  Argand  burner  (si  namel  frim  thi"  in\  ntiO  a  cai 
lent  of  an  is  ilso  anpplied  to  the  centre  of  the  flinc  th  wiok 
being  in  the  form  of  1  hollow  cjhnder,  as  shown  in  th  htfuie  on 
nfit  paj,e      Both  tbiough  the  centre  ot  the  flame  lul  diound 

QuEBMOtJa.— How  are  tha  wioks  BOmetimeg  made  t^D  hend  outnord  ia 
tlie  air,  so  that  tlie  end  ia  oonsiuned  ?  Upon  what  will  the  intonsity  of  the 
light  from  s.  flame  dspBad?  IViiat  oosasiona  the  disagreeable  smolfo 
Bometlmes  produced  by  a  lamp?  How  ia  the  defeot  usually  remedied? 
What  ia  the  benefit  of  a  ohimuey  to  a  lamp?  "Why  arc  hollow  wioks 
often  asad  ? 
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tha  outside  stion^  curienfa  of  air  are  osta 
Hisbed  IS  bhowu  bj  the  arrows  Tbe 
tffeot  IS  to  produce  a  jeitcct  combu  tion 
of  all  the  oil  or  other  o  mbu^tible  mitcrul 
luppliod  tti  tlie  fljime 

It  IS  found  thit  the  iiitcn'titj  of  lii^lit 
produced  by  a  flame  defends  very  muLb 
upon  the  amiunt  cf  carbDU  consumed 
Ihe  fl^me  of  puie  hydrogen  is  very  feeble 
as  IS  a]  o  that  of  the  vapjr  of  alojhol  and 
ether, — and  these  latter  cootnn  oompaia 
tively  little  i^arlon  But  add  to  akohol 
otiefouith  of  lif  volume  of  camphene, 
whicli  10  rioh  m  caibon,  and  &  brilliant 
flime  is  piiduccd  Tha  mixture  ton 
stitutes  tho  oummon  burmn<f  JJui  7 


313   The  hhicpif  (103)  i^,  as  wi 
tiivance  to  supply  air  to  the  flame 
fiom  the  lungs      The  la'^trament  is 
uimlly  ipphed  to  one  Bide  ot  the 
flime    ^nd  as  tbe  cuiient  of  air  b 
foioed  through  it,  it  is  bent  towards 
the  opposite  side.     By  means  of  this 
instrument  a  very  intense  heat  may 
he  pioduced,  sufficient  for  many  im- 
poitant  purposes.    Much  will  depend 
m  any  particular  case  upon  the  mode  of 
inexperienced  student,  before 
that  treat  at  length  of  this  subject. 


and  the 
Will  ccnsuJt  woikB 


314  Safety-Iamp.-~The  safety-lamp  is  the  invention  of  Sir 
H.  Davy,  to  avoid  the  danger  of  ezplosions  from  mixtures  of  the 
above  gases  Vith  air,  which  often  occur  in  ooal  mines,  when 
unprotected  lamps  are  made  use  of.     It  consists  simply  of  a  com- 


— What  ia  the  compositjon  of  burning  jiuid?  818.  Desoribi 
tlio  mouili  blowpipe.  May  s,  vei-j  intense  heat  be  produced  by  it 
3X1.  For  wEat  special  pui-poae  was  the  tafsly-lamp  invented  1 
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mon  limp,  thp  flime  of  whiJi  is  surrounded  by 
wire  fjiuae,  through  which,  it  is  found,  flame  Will 
Bot  oiJmarily  pas^  This  lamp,  ts  it  is  usuilly 
constructed,  is  lepiesanted  in  ihe  figuie  on  the 
left.  Its  action  m  arresting  flame  is  cisily  under 
stood  when  the  nature  of  flame  lac  n'liered  TVe 
have  aeen  that  this  la  simply  gieeous  matter  in  a 
state  of  combustion  and  tbcicfore  is  intensely 
heated; — now  if  hy  iny  means  we  cin  d  mini'sh 
the  heat  cf  this  ^aseous  mitter  so  thit  it  shall  f  11 
below  the  point  ct  i^mt  on  the  conbuton  and 
consequently  tho  flaini.  must  ceaae  An  1  this 
effect  is  priiuoed  by  tho  wiie  gauze 

To  show  the  fleet 
let  a  piece  of  =u  h 
gauzo,  b,  be  h  Id  in 
the  flame  of  a  eandle 

th   fl  m     IP 
by    h    g  d  h 

d 
by    d     t 
1    ht  1 
mh     tbl    g 
p      th  1       nd  thej  often  c  llect  in 

entilated  forming  mix 
h    xcessne  violence  on  the 
f  the  mmei      Before  the 
h  lents  were  of  freijiient 

d  w  riel  in  perpetual  fear  I 
i  avoided  by  the  use  of  the  safety-lamp ; — and,  in  view 
of  what  has  been  said  above,  the  mode  in  which  it  operates  to 
afford  the  desired  protection  is  easily  understood.     When  this 

QuESTio:'3. — Descriiio  the  safety-lamp.  What  is  flame;  Will  ordi- 
nary flame  pass  through  wire  gBune  f  What  is  the  reason  given  for  this 
ffipt  ?  How  may  tMa  be  shown  by  a  lighted  candle  and  a  piece  of  wira 
gauze  7  How  are  inflammable  gases  formed  in  ooal  mines  ?  Wliat  is  the 
elfuot  when  tlicso  gases,  mixed  with  atmospheric  air,  ooine  in  oouiaet 
Hitli  tlia  flame  of  a  lamp  ?    What  is  the  efl'oct  wheu  tho  safety-lamp  is 

U30d? 


th 
t      I 


bytl 


iFth  th 


f   th 


Pl 

dyt 

1       p   1 

f  tyl 


p  ly 


All  this  1 
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lamp  IB  carried  into  an  atraosplaere  containing  a  considerable  pro- 
portion of  fire-damp,  this  latter  immediately  takes  fire,  and  burns 
freely  within  the  gauze,  but  the  fiame  is  not  eommunicated  to  that 
without.  At  first,  the  flame  of  the  lamp  seems  to  be  simply  en- 
larged, but  soon  it  leaves  the  wick  entirely,  and  the  whole  space 
immediately  inside  the  gauKB  seems  filled  with  flame.  When 
this  takes  place,  the  miner  is  obliged  to  retire,  lest,  by  the  intense 
heat,  the  wire  of  the  gauze  should  be  melted  or  osydized,  and 
the  flame  communicated  to  the  mised  gases,  without.  The  same 
effect  might  also  bo  produced  by  strong  ourrente  of  air,  which 
sometimes  occur,  forcing  the  ooncen  1  fl  me  gainst  a  particular 
part  of  tho  gauze,  and  causing  o  t  ealt  o  h  ating  it  so  as  to 
allow  tho  passage  of  flame  through  t 

The  mode  in  which  the  safety-lamp  p  atea  ma  be  shown  quite  neli, 
by  pouring  a  little  snlphario  ether  n  a  mm  n  g  ass  receiver,  wMoli 
should  be  ioyei'ted  and  agitated  ah  bo  ha  may  be  filled  with  a 
mixture  of  air  and  Tapor  of  ether  ad  h  n  ting  the  lighted  lamp 
dnnn  into  it.  The  mistnre  of  air  and  yapoT  of  ethei  entering  through 
the  ganze,  burns  brilliantly  ■within  the  gause,  but  the  Bam©  ia  not  coiu- 
municated  Co  that  'without 

It  should  be  remarked,  that  irire  game  serves  us  a  proteotion  against 
explosire  miitnres  of  atmospheric  air  and  the  carbnrettBii  lijdrogoii  only ; 
a  miiture  of  atmospheric  air  or  oxygen  with  pnre  hjch'ogen.  may  be  ex- 
ploded through  a  yerj  narrow  tube  of  great  length. 


Compounds  of  Carbon  and  JVilrogen. 

315.  There  are  several  compounds  of  these  two  substances,  but 
we  shall  notice  only  one,  the  biearhonide  of  nitrogen,  CjN,  or 
cyanogen  (from  hnanos,  blue,  and  gennao,  to  produce,  because  it 
is  an  ingredient  of  Prassian  blue), 

316.  Bioarhonide  of  Xitrogen,  or  Cyanogen— CjN,  or  Cy;  eq„  (12 -|. 
14  =)  26. — I'hia  is  a  gaseous  substance,  and  is  readily  formed  by  heating 
bicjaiiide  of  mercury  (to  be  hereafter  d^cribsd)  ia  a  glass  retort  by  a 

■QuBSTiOHB.— Will  it  answer  for  tho  miner  to  remain  with  his  lamp  in 
tlie  explosive  mixture  ?  Describe  the  experiment  for  showing  the  opera- 
tion of  the  safety-lamp.  Will  wire  gauze  in  this  manner  prevent  tlie 
explosion  of  mixtures  of  hydrogen  and  oxygani  815.  "What  is  said  of 
the  compounds  of  carbon  and  nitrogen?  From  what  does  cyanogen 
derive  ite  name?     316.   How  is  bioarbonide  of  niti'ogen,  or  cyanogtn 
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spirit-lamp.  It  ia  ooloriesg,  has  a  very  pungent  odor,  and  is  easily  oim- 
preased  into  a  liquid;  and  by  the  Cold  produced  bj  a  aiisture  of  solid 
cacbooic  a«id  and  siilphurio  ether,  this  liquid  may  be  frozen.  Of  the 
pure  gas,  100  oabio  inohee  wei^  56'47  groins,  giving  it  a  demsity 
of  l-8a. 


Weight  of  1  vol.  of  ■  ojanogen,  1'808 

Cyanogen,  though  a  compound,  is  remarhoble  for  combining  mitli  the 
elementary  hodies  ia  the  some  nmimei'  as  an  eiciaeitt,  formiiig  a  class 
of  camponnds  which  are  called  cyanides.  Further  remarks  concemiug  it 
nill  be  deferred  to  Oi^acic  Chemisti'y. 


Compcmnd  of  Carbon  and  Sulphur. 

317.  These  elements  combine  in  only  ono  proportion,  forming 
the  following  compound : 

318  B   nipt  de  of  Ca  hon— OS       q    (6  +  3  8  — T 


p  wh  p    p  T 

E  ihwhp  wb 

h  h        b     T  h  d 

d  w  h  t         p  P  g 

m  I  b     p  d 

ntedwaLb  C  wh  yirg 

Apyfid       hwtc       Am  bf       33  ted 

into  the  cork  allows  the  air  to  escape  as  the  Tial  is  filled. 

QuBSTiOHS. — Deacriba  biearbonide  of  nitrogen  or  cyanogen.  For  what 
is  it  remnvkablet  317,  How  many  compounds  of  carbon  and  snlplmr 
!ure  known?    818.  Describe  the  mode  of  preparing  bisulphide  of  caabon, 
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When  eYerjthing  la  reidy,  a  fiii,  i  km  lied  in  th  fiirDacL  and 
when  the  retoit  heoomes  well  heated,  f  leoes  of  sulphur  are  occa- 
sionally dropped  into  the  tube  T,  ■ind  a  cork  immediately  inserted. 
The  sulphur  being  sublimed  by  the  heat  comes  in  contact  with 
the  heated  charcoal,  with  which  it  oombinefl,  produoing  the  com- 
pound in  question  Thia  now  passing  into  the  condenser,  takes 
the  liquid  form  and  la  collected  in  the  reeeivei,  V 

It  will  be  observed  that  this  process  is  a  cage  of  corabustiou 
(193),  the  carbon  boing  tho  combustible,  and  the  vapor  of  sul- 
phur tlie  supporter;  and  the  compound  formed,  CSj,  is  analogous 
to  carbonic  acid,  COj,  whioh  is  formed  when  carbon  is  burned  in 
oxygen.  And  as  carbonic  acid  combines  with  osybases,  to  form 
salts,  the  composition  of  which  is  llO,CO!i,  so  sulphide  of  carbon 
combines  with  sulphur  bases,  to  form  compounds  of  tlie  analogous 
form,  ES,CSa.  Tho  letter  E  is  here  used  indefinitely,  for  any 
element  whatever. 

Bisulphide  of  oarhon  is  a  colorless  liquid,  which  boils  at  about 
112°,  and  has  a  density  of  1-27.  It  does  not  mis  with  water, 
but  dissolves  readily  in  alcohol  or  ether.  Its  cwlor  is  excessively 
fetid  and  nauseous.  Both  sulphur  and  phosphorus  are  dis- 
solved in  it,  and  may  be  obtained  in  crystals  by  the  gradual 

Questions. — Vlhsi  is  said  of  tie  i-Blation  of  bisulphide  of  oiurbon  to 

c.Tibonio  aoid  !     May  tiiis  te  ooneidered  as  a  case  of  oombustion  !    Which 

of  the  Bubstanoes  ia  to  ba  considered  ais  the  oombusUble  body,  and  whioh 

the  supporter  ?    What  are  some  of  the  propertiaa  of  bisulphide  of  carbon ! 

24 
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evftporntion  of  the  solution.  By  its  evaporation  iu  the  open  air  a 
very  oonaiderahle  cold  ia  produced,  hnt  under  the  reoeirer  of  the 
air-pump  ita  evaporation  is  so  rapid  as  to  occasion  a  cold  of — 76°. 
It  hums  freely  in  the  open  air,  producing  carbonic  and  sulphuroua 
acids,  and  with  oxygen  its  vapor  forms  an  explosive  mixture. 


Si/mlol,  Si;  Equivalent,  21  3;  Densiti/,  ?. 

319.  History.— Silicon  was  first  ohtained  by  Berzelius,  in  1824. 
It  was  then  oonaidered  a  metal,  and  named  ailicium,  hnt  is  now 
generally  ranked  with  tho  non-metallic  elements.  It  is  never 
found  in  its  separate  state  in  nature,  although  it  is  really  very 
abundant  in  every  place  in  silicic  acid  (silica),  and  the  various 
siliceous  compounds  wliich  eonstifnte  the  rocks  and  soils.  Nejit 
to  oxygen  it  is  the  most  abundant  element  found  upon  the  earth, 

I,  Preparation, — To  prepare  silicon  a  somewhat  complex 
aubstanoe  is  selected,  the  double  fluoride 
of  silicon  and  potassium,  which  is  a  white 
powder  like  starch. 

When  this  compound  is  heated  in  a 
glas?  tube  with  nearly  its  own  weight 
of  potassium,  by  means  of  a  Epirit-lamp, 
the  fluorine  combines  with  the  potassium, 
and  the  silicon  ia  separated  from  the  mass 
bj  washing  with  water,  which  dissolves 
the  fluoride  of  potassium  and  leaves  tho  silicon  very  pure. 

The-reactiona  which  take  place  are  represented  by  the  following 
equation ; 

3Kr,2SiFa  +  6K  =  9KF  +  2Si, 

Question  a.— 319.  Has  silicon  aonietimos  Tieen  ra,nke(l  with  the  mefolef 
Is  it  ntmidant  in  nature  7     320.  How  may  it  te  prepared  f 
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321,  Properties. — Silicon,  as  tiiua  obtained,  is  a  powder  of  a 
dark,  nut-brown  color,  without  metallie  lustre,  aiid  is  a,  non-con- 
ductor of  heat  and  electricity.  It  stains  rfie  fingers,  and  adheres 
to  everything  that  comes  in  contact  with  it;  and  wlien  heated  in 
the  atmosphere  or  oxygen  gas,  it  takes  fire  and  burns,  with  the 
fuiniatioa  of  sdicic  a&id 

In  close  vessels,  silicon,  like  i,harooal  and  boron,  is  capable 
of  onduiing  a  very  high  temperature  without  fusion,  but  is  ren- 
dLred  haidei  and  more  compact  It  is  now  incombustible,  even 
n  hen  highly  haated  in  the  air  oi  in  oxygen  gas,  and  is  unaffected 
by  the  blowpipp,  e\cu  in  contact  with  chlorate  of  potassa. 


Compound  of  Silicon  and  Oxygen. 

333.  There  is  known  only  a  single  oompouod  of  tl 
the  teroxide,  SiOj. 

323.  Silicic  Acid,  or  Silica— SiOjj  eq,,  (21-3  +  24^)  45-3. 
— This  is  one  of  the  most  abundant  compounds  in  nature,  and  is 
found  qn       p  q  fl         aloedony,  agate,  &c. ;  and,  in 

combinati     w  h     h        b  n  the  material  of  all  soils,  and 

nearly  all       L 

Alone,    il  ly      f     bl     but  may  be  melted  in  the 

intense  b  f  m  d  b!  pipe.  It  is  not  acted  upon  by 
any  acid  e  f  b  hjd  fl  n  (  52),  but,  at  high  temperatures, 
enters  into        b  w   h  h     Ikalies  and  earths.     It  is  very 

hard,  and  has  b  b  f  1  g  h  fingers,  even  in  fine  powder. 
In  quartz     j  tal     wb   h  lly  six-sided  prisms,  terminated 

by  sis-sid  d  pyram  d  f  ra  I      to. every  one. 

By  be       g     1  fi      p  wd    ,  with  four  times  its  weight 

of  carbon         f  p       h  pi         m  crucible,  the  carbonic  acid 

I,  and  silicate  of  potash  formed;  whioh,  being  treated 

— 321  DeecnliB  the  properties  of  silicon.  322.  TTIint  com- 
poand  only  of  sihcou  and  oxygen  is  tliere?  g23.  y/hai.  is  said  of  the 
obnndance  of  silicic  aoid,  or  silioi  1  What  is  said  of  its  fusibility  ?  Is  it 
acted  npoQ  by  any  of  the  acids  !  Wlat  is  the  uaual  form  of  its  oi-jstaie  ? 
What  is  the  efieet  when  silica  in  fine  powder  is  heated  with  oftrbouiilu 
of  potasii? 
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witli  diluted  hjdrochloi-io  aeid,  yields  a  gelatiaons  precipitate  of 
lijdrated  silica  This  is  soluble  in  water,  and  constitutes  soluble 
glass,  or  liquor  of  Jilnts, — terms  aometimea  used.  It  ia  some- 
times found  in  the  waters  of  hot  springs,  as  the  Geysers  of  Ice- 
land; and,  in  faot,  in  very  small  quantities,  in  most  natural 
■waters.  In  this  state  it  is  taken  up  by  the  rootlets  of  plants,  and 
is  found  in  thpir  ashes  after  incineration.  It  is  especially  abun- 
dant in  the  grasses  and  tlie  straw  of  the  cereal  grains,  and  in  the 
stalks  of  rushes  and  reeds. 

In  the  gelatinous  state,  silica  has  occasionally  been  found  in 
the  cavities  nf  minerals,  when  tboy  have  been  broken.  Exposed 
to  the  air,  and  especially  if  heated,  the  water  evaporates,  and  dry, 
harsh,  insoluble  silica  only  remains. 

All  the  different  varieties  of  ylms  are  silicates  of  different 
bases,  or  mixtures  of  these  silicates.  ITiis  subject  will  be  treated 
of  more  at  length  hereafter. 

It  is  in  its  puwor  ttua  to  oombiae  with  the  liase?,  so  a?  pei-fectJy  to 
neutralise  tliem,  tliat  this  compoimd,  oside  of  silicon,  or  silica,  evineea 
ite  claims  to  be  considered  as  an  acid. 


Oi/ier  Compounds  of  Silicon. 


current  of  the  latter  over  a  mistnre  of  silica  and  carbon  witen  heated  in 
a  porcelain  tube.  It  is  a  colorless,  volatile  liquid,  wMoh.  hoils  at  aliont 
138°,  and  has  a  density  of  about  1-52.  By  contact  with  water  it  is  da- 
oomposed,  producing  silica  and  hydrochloric  acid. 

33B.  Terflaorida  of  Bilioon— SiF,;  eq.,  (21'8  +  57=)  7S'3.  — This 
fluoride,  oallod  also,  Jluo-iilidc  acid,  ia  obtained  by  gently  heating  a  mix- 
ture of  equal  parts  of  dry  and  finely-powdered  gl^ss  and  fluor-spar,  made 
into  a  paste  ^1131  strong  oU  of  vitriol.  The  osygen  of  the  silica  and  the 
fluorine  of  the  fluor-spar  here  esohange  places,  while  the  sulphuric  a^id 
ojaibinos  with  tlie  lime  lliat  is  formed,  thus,  neglecting  tlie  water  of 
the  Eulphnrio  acid, 

3CaF  -I-  SiOj  +  SSO,  =  SfCaO.SOs)  -f-  SiF,. 

QnESTiOSS. — Is  silica,  found  in  nature?  Is  it  taken  up  by  the  roots 
of  plants?  Of  what  are  all  the  difi'erent  kinds  of  glass  composed? 
324.  How  is  tlie  teroMoride  of  silicon  formed !  Describe  its  properties. 
S25.  Describe  the  terfluoride  of  silicon. 
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it  oontMoa,     Ita  density  ^  8-6T. 

By  contact  with  witter  it  ia  at  once  decomposeiJ,  gelatjaous  silica  is 
dopoaitad,  and  the  watac  ia  found  to  contain  a  peculiar  oompouncl,  aalled 
hydTofltiosilide  acid,  lie  composition  of  wMoh  is  SEE,  aSiPj. 

The  experiment  is  beat  performed  by  putting  the  materials  in  i  dry 
retorli  A,  connected  willi  a  receiver,  R,  partly  filled  with  wate     ped 


placed  so  that  t  c  !  g  ntly  h  1 1 
film  of  Bilion  fo  ra  ng  upon  tho  url  i 
Burlace  of  water  esposed 

When  hydrofluoHl  o  c  ac  d  S  Eafur; 
h_  d  o^en  i  eplaoed  by  an  equiTal  nt 
ThuB, 

8HF,  SSiFj  4-  3E0  =  8KF,2SiF,  +  SHO. 

The  oompouniJ  3KF,2SiP3  is  tie  double  fluoride  of  silicon  and  potas- 
sium (320)  naed  in  the  preparation  of  silicon. 

Silicon  is  capable  also  of  forming  compounds  with  Eulphnr  and  bromine. 


BORON. 

Symbol,  B,  Equivalent,  109,  D/'nstti/,  2 

326,  History. — Bmon,  in  a,  separate  state,  was  fint  obtaiDed 
by  Davy,  in  1807  It  la  iounJ  m  nature  only  in  cumbinatioii, 
and  ia   oomparatiyelj  small  quantities       Thoagh  it  oooiiis  in 

QnESTioKS.— How  IS  ferflnonJe  of  'iihi-on  afiecfed  bv  coniart  with 
water?  Wliat  is  the  tompo'iitjun  of  hjdrofluoailic  acid'  82b  When 
and  by  whom  was  boron  diioovered '    Is  it  found  natmally  m  a  separate 
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into  comliination  with  the  rest  of  the 
boraoio  aeid  to  form  borate  ot  potas^a  By  tieatiog  the  mass 
■witli  cold  water  the  latter  eompound  la  dissolved  and  the  boron 
IS  seen  floating  m  the  hquil  as  a  fine  powder  of  a  biowwsh  color, 
and  Diiy  be  cciieacd  on  i  filter  Fi,fore  filteimg,  some  sal  am- 
nioma  should  he  dissclvcd  m  the  mixture,  which  has  the  effect 
to  prevent  the  etoapc  of  the  tneh  piwdi-red  bwon  thiough 
the  filter 

The  mode  in  which  the  sal  immor  ii  tpei  ^tes  to  ;  lo  luci.  this 
effect  is  not  understood 

338,  Properties. — Boron  is  a  dark  olive-green  powder,  without 
taste  or  smell,  and  incapable  of  fusion  in  the  strongest  heat.  It 
is  insoluble  in  wafer  or  alcohol.  Heated  in  the  open  air  to  about 
600°,  it  takes  fire  and  burns  brilliaatly,  forming  boracio  acid.  It 
is  a  non-couduetor  of  electricity  and  heat. 
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Compound  of  Boron  and  OxT/gen. 

339.  Boracic  Acid— BO3;  eq.,  (10'9  +  24=)  34-9.  — This 
acid  may  lie  obtained  from  the  common  boras  of  commerce, 
as  just  described  in  the  preparation  of  boron ;  it  is  also  produced 
bj  the  combustion  of  boron  in  the  air. 

Boracic  acid  is  slightly  soluble  i 
when  the  latter  solution  if 
a  beautiful  green  tinge, 
which  is  characteristic 
of  this  substance.  To 
make  the  experiment, 
fill  a  common  dropping 
tubo,  of  the  form  A  B 
in  the  figure,  with  the 
solution ;  and,  inserting 
a  cork  firmly  ia  A,  apply  the  heat  of  a  lamp  to  the  bulb,  and 
inilame  the  jet  of  liquid  as  it  issues  from  the  capillary  orifice,  J5, 
The  flame  will  be  of  a  beautiful  greea. 

Tbe  color  of  the  flame  may  also  be  shown  very  well  simply 
by  moistening  one  end  of  a  piae  stick  ia  the  aolutioa,  and  ia- 


Oiher  Compounds  0/  Bm-on. 

330.  TercWoride  of  Boron— BClj;  eq.,  (10-9  -J.  106-2=)  117-1.— This 
compound  is  formed  by  preparing  an  intimate  mixture  of  bora«ic  a«id 
and  carbon,  and  caning  a  current  of  dry  oliloriue  to  pass  over  it  in  a 
porcelain  tube,  tapt  at  a  red  heat.  It  ia  a  colorless  gas,  of  a  density  of 
4-03 ; — in  Uie  open  air  it  forms  dense  wMte  fumes  witli  the  moisture  con- 
tained ilierein,  and  in  eontaot  with  liquid  water  it  ia  instantlj  decom- 
posed, forming  hydrochlorio  and  boncie  aeids. 

331.  TerflttoridB  of  Boron— BFj ;  eq.,  f  10'9  +  57  =)  67-9.- Terfluorido 
of  boron,  01' Jtaoboradu  acid,  is  a  oolorless  gas,  of  specific  gravity  2-37. 
It  is  prepared  hy  Iieating  in  a  gua-barrel  a  misture  of  2  ports  of  pul- 

lluESTiONS. — 329.  How  is  boraoio  acid  proonred  ftrom  borax  ?  Deacvibe 
thia  acid.  What  color  doea  it  giye  to  the  flame  of  alcohol  when  diasolfed 
in  it?  How  may  it  be  shown!  330.  How  is  the  tercMociile  of  boron 
formed?    381.  How  ia  the  (erSuoride  of  boron  formed? 
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It  has  a.  strong  a 

own  Tolnme  of  the  gaa,  and  acquires  a  sour  casie  ana  n 

reaclion,  and  ohora  wood  like  oil  of  vitriol  wlien  brought  in  coe 

Boron  oomhines  also  ivxth  sulphur,  forming  a  toraolphide,  I 


THE  METALS 
G  P  pe 

P    p  rt      — T 


metale?  How  many  metals  were  known  to  tie  auoiBiite  ?  Ai 
metals  solid  at  oifiinarj  tamperatui-eu  ?  333.  Do  any  of  the  mt 
any  part  of  orgamo  componnds  ?    What  oonatdtutea  a  metallio  m 
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muth,  &e.,  occur  in  tlie  metallio  state,  and  are  said  to  be  found 
native.  Some  are  found  in  the  form  of  salts,  especially  as  sili- 
eates,  carbonates,  and  sulphates. 

The  metals  occur  sometimes  in  hede,  which  aro  more  or  less 
parallel  with  the  earthy  strata  containing  them,  but  more  fre- 
quently in  veins  or  lodes,  which  traverse  the  strata  ia  every 
direction.  The  veins  are  more  abundant  in  the  oliler  than  in  the 
newer  rocks  ;  and  their  appearance  indicates  that  they  are  fissures  . 
■whioh  have  been  produced  in  the  strata  subsequent  to  their 
deposition,  and  then  filled  by  filtration  of  the  metallic  matter 
from  above,  or  by  injections  from  below.  Besides  tha  metallic 
compounds,  or  ores,  these  veins  always  contain  other  minerals,  as 
quartz,  carbonate  of  lime,  heavy  spar,  and  lluor  spar,  which  con- 
stitute the  gan'jue,  or  viAn-stone. 

334.  Eelations  to  Lilvht, — The  relations  of  the  metals  to  light 
are  in  some  respects  peculiar  and  interesting.  Their  peculijr 
lustre,  called  the  metallic  lustre,  has  already  been  alluded  to; 
this  lustre  entirely  disappears  when  they  are  reduced  to  a  fine 
powder,  but  reappears  when    the  substance  is  rubbed  with  a 


All  Hie  metals  eioept  gold  are  perfeotly  opnko,  eren  when  reduoeil  t« 
the  thinneat  laminte  possible.  Gold  in  tie  form  of  leaf  transmits  a  feeble 
green  lights  The  best  metl.od  to  obaerre  this  light  is  ia  place  an  nn- 
broten  leaf  upon  a  piece  of  white  plate  glass,  and  press  it  gently  with  a 
bunch  of  cotton  to  make  it  adhere.  It  may  llien  be  preserved  for  any 
leng  b  of  time 

The  ul  r  of  most  of  tl  e  netals  s  en  n  n  ass  s  "ra}  1  wh  e 
as  phtnun  ron  lead  ani  pot  ss  m  but  seen  n  \  wder  the 
color  s  a  deep  gray  By  burn  sh  ^  the  part  ol  the  or  g  nal 
g  ay  sh  wh  te  is  stored  Gold  a  nass  I  as  a  beau  f  1  yellow 
color  and  n  powder  a  deep  p  rple  almost^  black  C  pper  and 
t  an  u     are  red 

335  Mallealiility  and  DucT;ility  — So  n  metals  po  ess  e 
y    perty  of     aXk  h  I  j    bat       adm  t  of  be  ng  beate     n  o  tl 

QuiSTlONS. — When  is  a  metal  said  to  be  found  naUne^  834.  Wbat  is 
sdd  of  the  lustre  of  tlie  metala !  Is  this  lustre  seen  in  a  metal  wben  it  is 
roduoed  to  powder  ?  Are  most  of  tie  metals  opake  even  whan  reJucod 
to  tMn  laminte  ?  What  is  the  color  of  roost  of  the  metals  ?  Wbat  ia 
SEiid  of  their  color  wlien  in  fine  powder  ?  Whftt  metal  ia  yellow  ?  Wbal 
metals  aro  red !     335.  Wbat  malleable  met;ila  are  mentioned  ? 
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platoa  or  leaves  by  hammoiiQg  The  malleiljle  matils  aie  gild, 
eihei,  copper,  tin,  platmum,  jjillidium,  cadmium,  lead,  zinc,  iron, 
nickel,  potassium,  sodium,  iluminum,  and  frozen  mor&ury  The 
other  metals  are  eithei  malLahle  la  a  yeij  sm-ill  degiee  only,  oi, 
like  autimonj  and  bismuth,  aie  actually  buttle  (iold  siiipissea 
all  the  othT  metals  in  malleability ,  one  gram  of  it  may  be 
pstended  &o  as  tD  C7vi,i  about  53  square  inches  of  suitace,  and 
the  film  TviU  have  a  thicltness  of  only  355  oKiftli  of  an  mob 

Neirly  all  malleable  metdla  may  be  diiwn  out  into  wirps,  a 
property  which  is  espiessed  by  the  term  duUih'g  The  only 
metals  which  are  remarUablo  in  this  reape&t  are  gold,  silver, 
phtinum,  lion  and  copper 

The  pioeess  of  ■who  drawing  coo'Jista  in  drawing  the  metal 
through  round  holes  made  m  plates  of  steel  for  the  purpose  Ihe 
stool  plato  is  made  with  a  number  of  holes  of  d  fferent  d  ameters, 
through  which  the  rod  of  metal  is  m  le  to  pass  sue  ess  vely,  its 
diameter  at  each  operation  being  a  1  tl    reduced  and  it    length 


IJUEanoNS. — What  metals  are  mentionetl  as  being  brittle?  What  ia 
said  of  the  malieabllity  of  gold?  Are  tho  malleable  metals  also  ductilB? 
DesBribe  tho  process  of  wire-drawing  t 


H.,t.db,  Google 


THE   METALS.— OENEaAI.  PROPEKTIES.  287 


easily  apon  ita  axia ;  and  the  end  of  tte  wire,  drawn  ont  a  little  witli  tlie 
hammer,  is  passed  tlirough  the  plate  and  attached  to  the  tlmin,  C,  which 
IB  turned  bj  machinery,  and  by  its  motion  winds  tie  wire  around  itaelf, 
at  the  same  time,  of  conrae,  withdrawing  it  from  the  reeL  To  form 
Bmall  wire  it  is  in  this  way  passed  many  times  through  the  plate ;  and, 
to  prsTent  its  beooming  hard  and  brittle,  it  is  several  times  annealed 
dniTng  the  process.  Tlie  passage  of  tiie  wira  through  tlio  plata  is  facili- 
tated by  dipping  the  coils  oooasionally  in  a  moderately  strong  solution 
of  STilpttate  of  copper,  by  which  it  reoeiyes  a  tJiin.  Goating  of  metallic 
copper, 

336.  Tbe  malleabiUty  and  ducHUfy  of  any  aubstanco  wouUl 
seem  to  depend  very  nearly  upon  the  same  properties,  but  it  is 
found  in  the  case  of  metals  that  they  are  not  precisely  tte  same. 
In  the  following  table,  in  the  first  columu,  several  of  the  metals 
are  aiTanged  in  the  order  of  their  malleability,  beginning  with 
the  most  malleable;  in  the  second  column,  the  same  metals  are 
arranged  in  the  order  of  their  ductility.  The  table  is  from 
KcgnatJt. 

1.  Gold.  1.  Gold. 

2.  SilTer. 

4.  Tin. 

6.  Platinum.  5.  Nickel. 

6.  Lead.  6.  Copper. 

7.  Zinc.  7.  Zinc. 


Both  the  malleability  and  ductility  of  several  of  the  metals 
vary  with  the  temperature.  Thus  iron,  though  partially  malle- 
able and  ductile  at  the  ordinary  temperature  of  the  atmosphere, 
ia  mueh  more  bo  at  a  red  heat ;  and  zino  is  very  malleable  from 
212°  to  350°,  but  loses  this  property  if  cooled  down  to  32°,  or 
heated  to  600°,     At  the  latter  temperature  it  is  decidedly  brittle. 

When  a  metal  has  been  hammered  or  rolled,  or  drawn  out  into 
wire,  its  hardness  as  wdl  as  density  is  increased  j  and  it  becomes 
less  malleable  This  property,  however,  ia  restored  by  annealing 
It,  which  consists  m  heating  it  to  redness  and  then  cooling  it 

Questions  — 336  Do  the  malleability  and  ductility  of  a  suhatanoe 
depend  uptn  the  same  jinjeitiesi  Are  the  malleability  and  ductility 
of  Bomo  of  the  metals  jfftcttd  by  tlicir  tenipei-atnre  ?  What  is  said 
of  iron  and  zinc  in  this  connechon'  What  la  meant  by  the  annealing 
ot  a  meti!  '    Why  is  this  oltan  iiooer>saaT  in  working  oiaay  of  tho  motnis  ? 
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iluwly      But  the  tenacity  ib  ofkn  Tciy  mucli  iliminishid  by  the 
pioce&=,  bnmetimes  e\en  more  thie  odc  liilf 

337  The  ipnai.iti/  of  a  metal  i^i  deteimmed  bv  aeeeitaiiiing  the 
gri,  itest  WLic;ht  a  wiie  midt,  of  it,  of  a  guen  diametei,  wiil  sua 
tain  The  determination  la  made  by  attaching  ono  end  sf  thi 
wire  to  a  firm  support,  and  to  the  other  end  fixing  a  pan  to 
receive  the  weights  ^  ires  0  787  of  a  line  m  diampter  (=  to 
about  T^gth  of  an  inch),  made  of  the  several  metals  mentioiiid 
bubw,  were  Inided  gradually  untd  they  hrcke  with  the  wei{,ht9 
phred  opposite  to  their  names  m  the  following  tible  Ihcso 
numbers  therefoie  indicate  their  rclativG  tenicitiea 

Iron  TUTB  549  Gold  151 

Coppei  802  Zino  lOOt 

Platinum  274  Tin  Si* 

SilTBT  187  I  Lead  2- J 

When  ft  melalho  wire  is  tested  iq  this  manner  ils  longlh  13 
increased  with  the  weight,  but  if  the  loid  his  not  been  too  gieat 
it  conttacfs  igim  to  the  same  length  as  at  fiiat,  on  the  lemo^il 
of  ihe  loid  If  the  ioid  be  inoreasi-d  beyond  a  certain  pomf,  a 
peimanent  elongation  is  produced,  and  usually  no  guat  furthsr 
jnoieiai,  13  need<,d  to  bietk  the  win, 

338  The  r,^eci/jc  gravity  of  the  metals,  like  many  of  thtii 
other  propel  ties,  aie  very  dissimilar  The  specific  giavities  ot 
Gome  of  the  more  impoitant  of  them  are  contained  in  the  following 
TahU  ofihe  Speajic  Gravity  of  MelaU  ul  60°  compared  wi/h  Water  as  Umtij 
Plutmum 
Gold 
Tuugsteu 
Meraury 
PaUadium 

Silver 

Bismuth 

tlYamum 

Copper 

Cidmmin 

Molylideuom 

QilK3TioNB.-~887.  How  13  tlie  teuooity  of  a  metal  (ietormmed  J  TVirnt 
metal  of  those  mentiooe<l  haa  tlie  greatest  tenooitj  ?  What  is  the  second  f 
888.  Wliot  is  said  of  the  specific  gravity  of  the  metals  I  What  metal  is 
moutioned  as  having  tjie  greatest  speoifio  gravity  ?    What  h  the  second  ? 


20  98 

Cobalt 

19  02 

17  65 

Manganese 

nm 

Tm 

1185 

10  4T 

Antimony 

9  82 

909 

Titanium 

8  09 

Aluminma 
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S39  Ciystaliae  Chaiaeters — Mi.ay  of  the  metals  have  a  dia- 
tmetlj  eiystalina  texture  Iron,  for  esimple,  is  fibiras,  and 
zi»c  liismuth,  and  intimony  aro  Kmelhted  Metih  are  somo- 
tiDiLS  oltaiQi-1  ilso  inerystkK— and  most  of  them,  m  orj  stall ziug, 
a&3ua)G  till,  figure  of  the  cube,  tho  regular  oetahedion  or  some 
form  allied  to  it  Grold,  ^Ivei,  and  i-opper  occur  natuiilly  in 
cij'*tal=,  while  others  cijstahze  when  they  pass  giUu  Uy  from 
the  Ii  juid  to  the  solid  condition  Crj^lal^  aie  moat  re  d  ly  ]  ri 
ouied  from  those  metaia  which  fuse  <it  a  low  t^^mpcutuK ,  and 
bismuth,  liom  conducting  heat  less  peitectly  thin  otli  i  metals, 
and  therefore,  co  hag  more  slowlj,  is  best  fitted  for  the  puipnse 

'Several  of  the  metaia  foim  smill  hut  very  beautiful  oiyat^ls,  as 
they  are  slowly  separated  fiom  their  toIuIiods  ly  tlje  j.ihH[iic 
current  If  in  a  solut  on  of  aulphalP  of  copper  wi,  pliee  tvo 
plates  of  toppepj  ind  conncLt  them  with  the  tno  Licttud  ?  cf  a 
galyaniL  battery  in  feeble  actun  after  some  time  the  pi  t<-  on  the 
negative  side  will  become  coveied  with  small  crystals  of  metallic 
copper,  while  the  othei  plate  will  be  gradually  dissolved 

It  IS  behevel  that  some  of  the  nietuls,  in  ourtun  pec  ill  if  circuij 
Btiuoes    may  a^mno  a  cijatallme  stiueture    even  when  ii  tlie  solid 

340  Alloys— Mtny  of  the  metals  are  eapiblo  cf  c  mbining 
with  each  other,  forming  compounds  called  alloyt,  which  will  bo 
described  in  their  propei  places  They  possess  all  the  charac 
tcriBtio  physical  piopertiea  of  the  puio  metals,  and  many  ot  fhem 
are  tf  greit  service  in  the  art&  Generally,  lUoys  aie  more 
fusible  and  more  osiiabie  than  their  constituents  sepii  itely 
Then  malleability  and  du:,tility  usuilly  «e  much  kss,  and  their 
harlness  gieitei,  than  those  of  the  metaia  of  which  they  ire 
compose  1 

Compounds  of  mercury  with  other  metals  are  called  amaJyains. 

34L  MetaUnrgy. — The  reduction  of  the  metrals  from  their 
ores,  and  the  methods  adopted  in  working  them  in  the  arts,  cod- 
Questions. — 389.  Do  any  of  the  metals  possess  a  orystalme  texture? 
What  matals  are  menaoned  as  being  aometlmos  fomid  in  crystals  ?  Do- 
Boribe  the  mode  of  obtaining  ovjstals  of  copper  by  tbe  galvnaio  process  t 
840.  What  are  aUoys?  Do  alloys  possess  the  usual  p^ieal  properties 
of  the  metals  ?  What  is  saiii  of  their  fasibility  ?  What  of  ttieir  malle- 
ability and  ductility!  Wliat  are  amalgams?  841.  What,  is  metallurgy! 
25 
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tt  t  i  t   b  of   cb  n       1        enee,   called    by   this 

name  Mobt  ol  ti  b  n  elals  have  An  esfensive  range  of  affinity ; 
manj  of  thf  fo  m  compoiinda  w  th  nearly  all  the  non-metaHio 
fie    ente  and  nil  w  thout  ez:>ept  on  com)  ne  with  oKjgen. 

As  many  of  the  metall  o  ores  are  ox  d  a  tbc  reduotioo  of  this 

has  of  &  J  oun  la  1"  c  iie  part  cularly  important.  It  is  effected 
in    everal  d  tferent  m  de«  as 

1  By  n  er  he  t  By  th  s  me  hod  the  osidea  of  golcl,  ailvor, 
E  ercury  an  1  plat     im  may  be  Je    u  pose  1 

'  By  the  un  ed  age  cy  of  heat  a  d  combustible  matter. 
Thus  by  trinsm  tUng  a  c  re  t  of  1  ydrosen  gas  over  the  osidea 
of  copper  01  iron  heated  to  redcess  m  a  tube  of  porcelain,  water 
la  generated  inl  th(,  metaJa  are  obtained  in  a  pure  form.  Car- 
bnmcooua  inattors  are  likewise  used  for  the  purpose  with  great 
Hucceaa  Potassa  and  soda,  for  example,  may  be  decomposed  by 
esposing  thpra  to  a  wh  te  Leal,  after  being  intimately  mixed  with 
ohircoil  ID  fine  powder.  A  similar  process  is  employed  in 
metallu  „y  for  extracting  metals  from  their  ores,  the  inflammable 
materiala  being  wood  charcoal,  colte,  or  coal.  la  the  more  deli- 
cate operations  of  the  laboratory,  charcoal  and  blac/c  fiiix*  are 
employed 

3  By  the  ^akanic  battery.  This  ia  a  still  more  powerful 
igi-nt  thin  the  preoedng;  sinee  some  osidcs,  such  as  baryta 
and  BtrMfii  wl  ich  n,i  st  the  united  influeQoea  of  heat  and  char- 
coal aie  leduLi,!  by  the  igcjicy  of  galvanism. 

4  Ev  the  act  on  of  deosdjziog  agents  on  metallic  solutions. 
Pho  phoi  us  acid,  for  eximple,  when  added  to  a  liquid  containing 
oxide  of  mercury,  deprives  the  oxide  of  its  oxygen,  metallic  nier- 
cury  subsides,  and  phosphoric  acid  is  generated.  In  like  manner 
one  metal  may  be  precipitated  by  another,  provided  the  afSnity 
of  the  latter  for  oxygen  exceeds  that  of  the  former.  Thus,  when 
mercury  is  added  to  a  solution  of  nitrate  of  oxide  of  silver, 
metallic  silver  is  thrown  down,  and  oxide  of  mercury  ia  dissolved 
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by  tbe  nitric  auid.  On  placing  melallio  ooppev  in  tLe  liqiiitl,  puro 
nierourj  subsides,  and  a  nitrate  of  tho  osido  of  copper  is  formed  ; 
and  from  this  solution  nietalljo  copper  inay  be  precipitated  by 
Means  of  iron. 

To  reduce  tlio  other  compounds  of  tlie  metals,  other  modos  iire  adopted, 
n^Mch  cannot  here  he  pai'tioularly  doseribed. 

Q'ho  relations  of  the  yarioua  metaDoida  to  the  metils  wilt  be  deacrilied 
as  oaoli  of  these  latter  elements  shall  ooiae  in  review  before  iia,  so  fai-  ns 
demanded  by  the  special  object  of  tie  work. 

343.  Classification  of  the  Metals.  —  Tbo  metals  have  been 
variously  classified  by  different  writers ;  but  tUft  following  arrange- 
ment into  sis  groups  will  probably  answer  our  purpose  as  well  as 
any  we  can  adopt. 

1.  Metals,  tiie  protosidea  of  wbicli  are  altalies. 

2.  Metals,  the  protoxides  of  which  are  alkaline  earths. 

3.  Metals,  tbe  protoxides  or  sesquiosides  of  which  ave  earths. 

4.  Mefa5s  which,  at  a  red  heat,  decompose  the  vapor  of  water, 
liut  nra  not  acted  upon  by  liquid  water. 

5.  Metals  whioh  are  inoapablo  of  decomposing  water,  and  wiioss 
osides  are  not  reduced  by  the  mere  action  of  heat. 

6.  Metals  whose  oxides  are  reduced  hy  a  red  heat. 


Saline  Compounds,  or  Sa!ls. 

343.  A  saU  is  a  compound  of  two  other  binary  compounds, 

wh    b        tain  to  each  other  tiie  relation  of  acid  and  base;  the 

f   m      b    Dg  electro-negative  in  reference  to  the  latter,  which 

1    t     positive.     Thus,  sulphate  of  soda,  NaO,S03,  is  a  com- 

p  und    f    ulphurio  acid  (teroxide  of  sulphur)  and  soda,  wliich  is 

tl      I     t  2  de  of  sodium ;  tbe  former  being  electro-negative  in 

f     n  e  to  the  latter,  which  is  electro-positive. 

Th         ds  take  their  name  from  the  fact  that  when  soluble 

h       tast    is  very  geivei'ally  sour,— -but  tliis  may  not  always  be 

Questions. — 3i2.  What  are  the  metals  included  in  the  Erst  group? 
In  the  Booond  gratip  ?  In  tiie  tlih'dt  Inthofourth?  Inthefifth?  In 
tlio  sixth?  8d3,  IVliat  is  a  salt?  Ilhisti-ate  bj  nil  esaiiij.ile.  Mow  are 
the  acids  generally  chtu'actcrized  ! 
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tiie  case,  they  are  mostlj  eombintition!i  of  two  metJloids,  is  tha 
sulphuric,  nitric,  and  hydrochloric  acids,  but  somelimes  they  are 
formed  of  a,  metal  and  mttalloil,  is  the  minginio  iiid  chromic 
acids,  and  the  lulphides  of  fia  ind  antimony,  which  are  capable 
of  acting  as  acids  Most  of  them  have  the  piopeity  of  changing 
the  blue  snlutiun  of  htmus  to  leJ 

The  bases,  or  electro  positive  binary  compounds,  aie  always 
formed  by  the  combination  of  a  metal  with  a  metalloid,  as  the 
protoside  of  pot^isium  (potas^a),  the  protnsulphide  ot  potissium, 
and  the  protoxides  of  iron,  copper,  and  silver 

344  Oxysalts.  —  A  large  majority  of  all  known  acids  and 
sides,  called  oxacids  and  oxj/hases;   and  the  salts 
inion  are  therefore  called  oxysalts.     They  are 
sides. 

Kides,  in  regard  to  their  disposition  to  combing 
vith  each  other  as  acids  and  bases,  and  with  the  oxides  of  the 
metalloids,  to  form  salts  (as  suggested  by  Kegnault),  may  be 
divided  into  several  very  distinct  classes,  as, 

1,  Baaio  oxides,  yihid\i  oombine  reatlily  mth  adds  and  form  definite, 
orystalizaUle  salts.  Most  of  them  are  pvotoiidBS,  as  potassa,  KO,  eodn, 
HaO,  protoxide  of  silver,  AgO,  and  the  protoxide  of  iron,  FeO.  A  few 
are  sesquiosidos  or  suboxidas. 

2.  Aeid oxidea,  wLich,  as  the  name  implies,  possess  acid  properties; — 
thoj  combine  with  bases  to  form  salta,  and  vory  generally  i^nge  the 
blue  solution  of  litmus  to  red.  Most  of  them  are  bi-  or  terosidos,  aa 
plumbio  acid,  PBOj  (binoiido  of  lead),  chromic  aoid,  CrOj,  and  man- 
gimio  acid,  MnOg.  Occoisionany  they  me  slill  higher  oiides,  as  per- 
mauganie  add,  McgO,. 

8.  IfeulTol  oxides,  which  may  combine  wiBi  oitlier  acids  or  bases,  as 
alumina,  Al^O,,  and  the  sosqnioitide  of  antimony,  SbjOj;  or  with  neither, 
AS  the  binoxides  of  silver,  potassium,  hanum,  and  strontimn.  Some 
of  these,  by  the  action  of  acids,  espeeially  if  heated,  are  decomposed. 

4.  SalitiB  oxidsi,  which  result  &om  the  combination  of  a  baeia  metallic 
oside  with  a  higher  oside  of  the  same  metal,  as  the  magnetio  oiide 
of  iron,  FcjO^,  whiob  is  really  a  compound  of  the  protoside,  acting  as  a 
base,  with  the  sesquioside,  aetjag  as  an  acid ;  and  its  proper  formula  is 
therefore  FoO,Fe,Oj.  The  osides  of  manganese,  Mn^Oj,  andof  ohromium, 
CtjOj,  fttrnish  other  esamples. 

Qdebtioss. — Are  most  of  tlie  acids  formed  by  combinations  of  the 
mattdloids  f  Do  some  of  the  metals  form  add  compounds  ?  How  do  the 
acids  genarally  affect  the  blue  sdntion  of  litmus  !  Of  what  are  the  liases 
mostly  composed?  SH.  What  is  said  of  a  majority  of  all  the  Jmown 
axilla  and  bases !    What  four  classes  of  metallic  oxidBS  are  montiooed ' 
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345,  Siiiphur  Salts. — Two  sulpliidcs  oftou  combine,  furming 
double  sulphides,  sinulogous  to  the  double  osides.  Tlicy  possess, 
ill  many  respects,  similar  oharaeteis  to  the  double  osides  or  cxy- 
salts,  and  are  called  sulphur  salts. 

Some  of  the  priocipal  mlpliur  lases  are  t!ie  prolosulphiilos  of 
potassium,  sodium,  lithium,  baiium,  strontium,  calcium,  aud  lusg- 
nesium;  and  some  of  the  more  important  mlphar  anils  are  (he 
sulphides  of  arsenic,  antimony,  carbon,  fin,  gold,  and  hydrogen. 

The  sulphur  salts  generally  are  so  constituted  that  if  the  sul- 
phur they  contain  were  replacad  by  an  ecjuivalent  quaiLtity  of 
oxygen,  oxjsalts  would  be  produced.  Thus,  the  cai  bo  sulphide 
of  potassium,  KSjOSc,  when  the  sulphur  is  replaced  by  osygen, 
becomes  carbonate  of  potassa,  KO,COa;  and,  in  hie  manner,  the 
double  sulphide  of  potassium  and  arsenic,  KSjAsSj,  by  a  similar 
substitution,  becomes  arseniate  of  potash,  KOiAsOj. 

346.  Chlorosalts. — The  chlorosalts  are  double  chlorides,  one 
of  the  simple  chlorides  acting  as  a  cblorobase,  and  tlie  other 
as  a  chloroauid,  as  the  double  chloride  of  gold  and  potassium, 
K01,AuC]a,  called  also  amroohlorate  of  chloride  of  potassium, 
and  platiaochl orate  of  chloride  of  sodium,  NaOI,PtCla. 

In  the  same  mnnnta"  tiro  iodides  fan  iodobasa  and  an  ioiloa^id)  bro- 
mides, or  flooridea,  may  unite  to  foiin  iu  eanh  case  a  series  of  salts 
ftiialogous  to  tlie  preceding,  but  not  mnoli  is  known  of  tliem. 

It  is  to  be  observed  tliat  t^ese  oombmatioits  take  place  onl;  between 
membera  of  tlie  same  series,  as  oiides  ■witli  oxides,  sulphides  with  enJ- 
phidas,  &c. ;  it  is  evidently  possible  tliat  members  of  Afferent  series  may 
unite,  as  an  oxide  with  a  chloride,  a  chloride  with  a  sulphide,  &o. ;  but 
it  is  a  question  not  fuUj  settled  whether  snoh  compounds  are  ever  really 
formed. 

347.  Haloid  Salts. — Besides  the  compounds  recognised  by  the 
above  remarks  as  salts,  the  binary  compounds  of  chlorine,  iodine, 
oromine,  aud  fluoriue  with  many  of  the  metals,  have  been  classed 
with  the  salte  by  Berzelius  and  other  eminent  chemists,  because 
of  their  resemblance,  in  many  of  their  properties,  to  the  salts, 

QoKaiiOHS.— 345.  "What  o.re  snlphur  laltsP  What  is  said  of  tlie  con- 
Btitation  of  (he  salphuv  salLs  ?  Give  aji  example.  248.  What  are  cWoro- 
aaliaf  May  the  iodides,  bromides,  &c.,  form  similar  series  of  salts! 
Ai'O  fhese  oomfainations  always  between  members  of  the  same  series? 
H47.  What  are  Aaloid  sails,  so  ealled  J  Are  these  eoffipoajids  salts,  aooord- 
iag  lo  tlio  definition  of  a  salt  adopted  above  t 
26  • 
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pvoperljso  called.  Tu  distinguisb  tliBin  from  the  salts  proper, 
they  hsTe  bEjen  called  haloid  salts.  Biil  we  prefer  to  limit  the 
definition  of  a  salt,  as  givea  above,  although  in  ao  doing  we  of 
course  exclude  common  salt,  chloride  of  sodium,  from  the  class. 


Tlia  elementa,  oHorine,  iodine,  &o.,  nMeli,  bj  Bombioing  .ititli  nielals, 
form  the  so  coUed  imloict  salts,  oombine  also  witii  hjdrogen,  forming 
aoid  compounila  called  liydraoids  (168),  as  ilie  hjdrocMorio,  tjiJrioiiio 
&o.  Now  wlieu  poweifnl  hjdi'ous  acids  are  brou^t  in  contact  with  fliB 
linloid  salts,  important  reactions  take  place,  dependent  -apon  tlie  watc! 
of  tlie  acid.  Thus,  bj  the  aodou  of  oil  of  yitriol  npon  chloriils  of  potas- 
simn,  we  obtain  sulphate  of  potassa  and  hydrochloric  acid,  as  shown  in 
the  following  eanation: 

KCl  +  SOj,HO  =  KO,SOa  +  HCl. 

Here  lljo  water  of  the  aeid  is  decomposed,  yielding  its  osygen  to  the 
potasshini  to  form  potasea,  and  its  hydrogen  to  the  chlorine  to  form  hjtlro- 
ohlorio  acid. 

So,  on  the  otbor  hand,  the  aclion  of  a  hydracid  on  an  osybase  resnlfa 
in  the  production  of  a  haloid  salt  and  water.     Thus, 

KO  -1-  HCl  =  KCl  +  HO. 

S48.  Heutralisation  of  Acid  and  Base. — When  aa  acid  and 
tase  combine  to  I'orm  a  salt,  tho  peciriiar  and  characteristio  pro- 
perties of  each,  in  a  great  measure,  disappear,  the  Dew  compound 
formed  not  being  characterized  by  the  properties  of  either  of  its 
ingredients,  but  possessing  others  entirely  distinct.  Thus,  an 
acid  is  generally  sour  to  the  taste,  and  changes  vegetable  blues 
to  red,  but  the  salts  it  may  form  with  bases  possess  neither  of 
these  properties;  so,  also,  the  alkalies  are  caustic  to  the  flesh  and 
taste,  and  combine  with  oils  to  form  soaps,  but  the  salts  which 
they  form  with  the  acids  are  entirely  destitute  of  these  properties. 
Most  of  the  other  peculiar  properties  of  both  acids  and  bases, 
when  the  two  combine,  are  affected  in  the  same  manner,  and 
they  are  therefore  said  to  be  neutralised. 


Qdbstiohs. — What  is  said  of  the  elements  chlorine,  iodine,  &o.,  which 
form  the  so-oalled  haloid  salts  by  combining  with  the  metals  ?  Wlial 
reactions  take  plana  -jihen  powerful  hydrous  acids  a«t  upon  these  salts  J 
Giye  an  illnsti'atioo.  348.  When  an  acid  and  base  combine  do  the  poco- 
liar  propei'ticB  of  eaoh  disappear?  Give  some  further  illustration 
310.  What  throi!  classes  of  salts  arc  mentioned? 
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cannot  always  bs  mnda  Trith.  aconracy.  In  general,  a  neutral  salt  is 
formed  by  the  union,  of  a  single  equiTiUent  of  tlie  a«icl  and  base,  while 
an  add  sail  contains  two  or  more  Bqniyalenta  of  ocid  to  on.e  of  base ;  and 
a  mb  ot  basil:  salt  contains  two  or  more  eqaivalenta  of  base  to  one  of  acid. 
But  this  is  to  ba  nnderstood  as  liable  to  many  exceptions.  Freqnentty 
salts  denominated  neutral  contoin  aa  many  eqniTnletits  of  acid  as  there 
are  eqniTalente  of  oxygen  in  the  base.  Ttus,  the  neutral  Eulphote  of 
soda  is  NaO,SOj,  and  siilpbate  of  tie  protoiide  of  iron  FeO,SO^  but  lie 
sulphate  of  the  peroside  of  iron  is  FSjO^SSOj. 

Some  few  aoids  have  the  property  of  combining  with  bases  in  such  t 
manner  (hat  one  equivalent  of  acid  will  hold  in  union  with  it  one,  two, 
three  {or  even  more)  equivalents  of  base,  and  yet  these  several  sails  tire 
considered  as  neutral ;  such  acids  aro  called  polt/basic  acids.  Phosphoiio 
acid  (282)  furnishes  an  instance  of  tie  kind. 

350,  SoluTjility  and  Crystalizatiou  of  the  Salts, — Nearly  all 
the  salts  are  solid  at  ordioarj  temperatures,  and  very  many  of  them 
ore  Busceptibla  of  crystaliaation.  Very  geoerally  they  are  more 
Boluhle  in  warm  than  in  cold  water,  and  often  their  solubility 
iDcreases  in  proportion  as  the  temperature  of  the  water  ia  ele- 
vated. The  following  table  shows  the  quantity  of  nitrate  of 
potash  soluble  in  100  parts  of  water  at  sever^  different  tera- 

Temperaiorea,                                Fas-Is  soluble  in  100  parts  wai<r. 
32°  18-3 


113°  74-0 


In  some  oases,  the  solubility  rapidly  increasBs  as  the  tempera- 
ture is  raised,  wp  to  a  certain  point,  and  then  diminishes.  Sul- 
phate of  soda  (Glauber's  salt)  furnishes  an  instance  of  this  kind. 
Of  this  salt  100  parts  of  water,  at  32",  take  up  13  parts ;  at  77°, 
09  parts;  at  91°,  322  parts; — but  above  this  temperature  the 
solubility  diminishes,  so  that  at  the  boiling  point  only  about  212 
parts  will  be  held  in  solution, 

Questions.— What  in  general  ia  a  neutral  salt?  What  is  a  snper  or 
acid  salt  ?  What  is  a  sub  or  basic  salt  t  Do  salts  denominated  neukal 
often  contain  as  many  equivalents  of  acid  as  there  are  equivalanCs  of 
usygen  in  the  baae?  GKve  an  oiample.  What  are  pdjbnsio  acids! 
B50.  Ai-a  the  salts  usually  solid  at  ordinary  temperatm'es  ?  Are  they 
more  soluble  in  warm  or  cold  water  ?  What  ia  said  of  the  solnbility 
of  nitrate  of  potash  in  wat«v  at  different  temp eraf urea !  How  is  the 
.  Bolnbllity  of  Bulpliate  of  soda  in  water  affeotwl,  as  the  temperature  of  the 
water  is  raised? 
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Cry^tila  of  soluble  saJts  may  generally  be  obtaiuud  by  making 
a  satorati-d  aolution  at  an  elevated  temperature  aad  allowing  it  to 
rod  lowly  Thus,  a  saturated  solution  of  alum  at  100"  or  150", 
on  cooling  deposits  beautiful  octahedral  crystals;  and  if  a  tree 
r  basket  made  of  copper  wire  is  placed  in  tlie  solution  when 
waim  the  cry^tais  will  attach  theraselves  to  it  in  various  pcsi- 
tions,  presenting  a  very  beautiful  appearance. 

351  Salth  soluble  in  water, — and  even  some  that  are  insoluble 
— cften  retaia  in  their  orystala  a  portion  of  water,  wkich  is  called 
ivater  of  crystalieatkm.  Thus  suiphate  of  soda  ia  crystals  con- 
tains 10  equivalents  of  water,  and  its  proper  formulai  is  NaO,SOj 
4-  lOHO.  This  is  the  case  however  only  when  the  cijstaliaatioa 
takes  place  at  a  temperature  below  92°  or  93° ;  when  it  crjs- 
tallzes  at  a  higher  temperature  the  crystals  are  anhydrous. 

The  aamo  salt  will  often  combine  with  very  different  quantitioa 
of  water  when  deposited  from  ils  solution  at  different  temperatures, 
bulphate  of  piotoside  of  manfjanise,  ciy^tahzed  fiom  an  aqueous 
splution,  at  M°j  has  the  foimuh  MnO,SO,  +  7H0;  when  crya- 
f  ilizel  between  43°  ind  68°  its  fnmula  is  MnO,S03  +  6H0; 
and  again  when  erjstahzed  between  b8°  and  86',  its  formula  is 
MnO  '50j  +  4H0 

lVh(,n  a  lilt  cf  the  kind  la^t  mentioned  n  heated  in  the  open 
ail  it  gives  up  its  water  la  sui,ee!>sive  portions,  as  the  tempera- 
ture IS  laised  Sjmotimps  the  last  equivilent  of  waleris  held  by 
t  much  shonger  r  jrte  than  tho  rest,  and  can  be  driven  off  only 
by  1  red  heat,  and  then  an  enfiio  chan^^s,  in  the  nature  of  the 
salt  takes  place  Tin.  w  iter  in  "-uch  a  oise  is  calleJ  conslihdwnal 
uiiler 

353  Sometimes  a  salt  in  a  diy  atmci=phere  loses  a  part  or  all 
of  its  water  of  orystalization,  aad  falls  to  powder,  it  is  then  said 
to  pffloresr^  Again,  some  salta  absorb  moisture  fiom  the  air,  and 
arc  then  said  to  deliguesoe.     Common  peartash  (carbonate  of  pot- 

QuKsnoiis. — How  may  orjstala  of  solta  soluble  in  wafer  often  be  ob- 
tained? 351.  What  ia  water  of  crystoJiiation  ?  Give  an  illustration. 
Will  tie  quantity  of  water  of  orystaliiation  often  depend  npon  tlie  tem- 
perature of  iho  solutionis  from  wMcli  the  crystals  ai'e  deposited  ?  What 
will  be  the  effect  when  a  salt  of  this  kind  ia  heatod !  852.  When  is  a 
Eull  ssud  to  olBoroaoe?    Wlion  to  deliquasoe? 
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asli)  is  BQ  iostanoe  of  a  delic[iie3oe!it  salt.  Left  in  the  open  air 
Jbr  a  time,  it  will  absorb  sufEcient  water  to  effect  its  solution. 

353.  Water  holding  a  salt  in  solution  invariably  has  a  higher 
boiling  point  than  pure  water.  The  following  table  shows  the 
boiling  points  of  saturated  solutions  of  several  of  the  salts. 

BbBb.  ^°^iUot\!^°^  Boiling  Pgint, 

Chlorate  Of  potash 61-5  220' 

OoinmoG  Salt 41'0  227° 

Nitrate  of  potash 335-0  241° 

Hilrate  of  Lime 8S2'0  301° 

But  the  steam  from  such  boiling  .solutions,  as  it  escapes  into  the 
open  air  (omitting  any  regard  to  variations  of  atmospheric  pres- 
sure), will  always  be  of  the  same  temperature  of  212°, 

When  a  hydraoid,  as  the  hydrochloric,  HCl,  acts  upon  a  metal, 
as  zinc,  the  aoid  is  decomposed,  and  a  chloride  of  the  metal  formed, 
the  hydrogen  being  set  free;  thus, 

Zn  +  HCl:=ZnCl  +  H, 
So  when  liquid  hydrochloric  acid  is  poured  upon  potash,  lie 
reactions  are 

KO  +  HC1,H0  =  KGl  +  HO  +  H. 

In  both  these  cases,  therefore,  as  will  be  seen  by  an  exumination 
of  the  formuliB,  the  particle  of  hydrogen  of  the  hydraeid  has 
simply  been  displaced,  and  a  particle  of  metal  substituted.  Now 
all  the  osyaeids,  or  nearly  all, — at  least  in  their  active  state, — 
contain  water,  as  the  sulpburio  actid,  SOjiHO,  and  nitric  acid, 
NObHO.  They  may  indeed  be  obtained  free  from  water,  as 
SOj,  and  NOs,  but  they  are  then  solid  and  quite  inert,  possessing 
none  of  the  active  properties  of  the  liquid  acids,  wbich,  however, 
they  immediately  assume  on  the  addition  of  water. 
The  reaction  between  nine  and  oil  of  vitriol  is 

Zn  +  SOs,HO  =  ZnCSOs  +  H. 

QoBBTiosa. — 3G8.  What  is  add  of  the  boiling  point  of  water  holding  a 
aalt  in  solution  ?  Whnt  is  said  of  the  tomperature  of  the  steam  formed  ? 
When  a  liydraoid  acts  upon  a  metal  what  are  the  reiiotdous  tJiat  tslto 
place  1  Wiint  wlieo  hydrochloric  acid  acta  upon  potaali !  In  these  oases 
IS  the  hydrogen  simply  replaced  by  the  metal !  la  the  result  the  same 
whan  tliB  hydraifld  osyaoids  aot  npon  the  nietaJs  ?  Eiplain  by  refercnoo 
to  the  action  of  sulphuric  acid  upon  liao. 
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Now  as  hydrated  sulpliurio  acid  odIj,  SOJIO,  ia  capablo  of  aotiug 
upon  tliis  metal       dnh        ydOmw  u 


tlie  hydrogen  ? 

If  this  view  b 

dp                              b    n    b 

chemists,  then  i 

(J       d    h                       -e 

h      h 

acids,  the  sulphu 

n          i       h      d          h 

d 

Bulphurio  aoid  b     g 

D        U  HO    bu    ^0  H 

g          iJ 

written,   H,SO, 

d       to  b 

d       d 

NO.,HO,  but  H  NO 

n                h          d 

We  shall  not  discuss  the  subject  furthei,  but 

Simply  givi,  the 

formula;  for  sereral  well  known  salts    acuordint, 

to  the  old  and 

generally  received  \ie 

w,  and  also  act-ordinf,  to  the 

now  view 

mt,. 

Common  The    y 

NowTIiiwrj, 

gulphata  of  Soda 

NiO  SO, 

^^  sn^. 

Salphnte  of  Zino 

ZnO  SOg 

Zu  V\. 

Nitrate  of  potash 

I-.0  NO- 

K  1\%. 

Chlorato  of  potash 

EO  LlOs 

].  <  10„, 

Separate  De&criptxon  of  the  Metah. 

354.  The  classiScatioa  of  the  metals  adopted  in  ihia  work  h 
ilvcady  been  indicated  (342). 


P  1       Metals,  ihs  protoxides  of  which  are  alkatieu, — The  piiltosidefl 

tOTAasinm  I  ^^  these  metallio  elemenia  are  rery  aoluWe  in  water,  niid 
BODiDU  I-  possess  in  OB.  eoimont  deerea  the  peculiar  propertieB  douomi 
Lithium      J  ^ted  ai4«i.W  propertied. 

POTASSIUM. 

8yn\l6l,  K  (^Kaliuw,')  j  Equivalent,  39-2;  Density,  0'865. 

355.  History.— Potassium  was  first  obtained  by  Sip  H.  Davy 
in  1807,  from  potash,  whith  is  the  protoside  of  the  metal.     He 

Questions. — If  this  Tiew  be  adoptoii,  how  should  the  formula  for  eom- 
tnon  Bnlphurio  acid,  or  oil  of  yitriol,  be  written?  How  that  for  nitrio 
aeiclT  35i.  What  metalB  are  included  in  (he  first  group?  How  are 
liioj  chttracteriiGd?    356.  By  whom  was  potassium  disoovorod? 
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piocureil  it  by  subjecting  a  piene  of  can-tic  pntiiibi  filightlj 
moistened,  to  tht  iftion  of  a  powerful  galvanic  cuirent,  when 
osjgon  made  ita  apppinnop  it  tiip  positive,  and  tbe  luptal  potaa 
Slum  at  the  negative,  electrode  Previou*!  to  tlin  time,  pnts^h 
and  the  other  alLahes  and  eiitha  had  hcen  consideied  as  simpl' 
substances  Potassium,  in  combination  with  oxygen  and  other 
bodies,  la  very  generally  diffused  m  the  rocLs  and  soils  of  eveij 
place,  but  is  never  found  m  nature  in  a  topaiate  state  It  is 
contained  m  most  vegetable  and  many  animal  substances 

356  Prepaiation — This  metal  is  best  prepared  by  heating 
intensely  diy  carbonate  of  potish  mixed  intimately  with  half  Ha 
weight  of  fine  charcoal  pow del  ani  iron  filings  The  potash, 
being  an  oxide  ot  potiEsium,  at  a  high  teTapeij,tnrP  yields  it'^ 
osy^en  to  the  charcoal  and  iion,  and  itself  distils  ovei  into  a 
receiver  prepared  for  the  puipose 


The  following  apparatus 
roon  mercury  bottle, 

A,  coveied  with  an 
infusible  lute,  and 
well  dried,  is  three- 
fouiths  filled  with 
cream  of  taitar  that 
has  been  previously 
chirred  and  mixed 
with  one  fouith  or 
one  tlth  of  Its  weight 
of  pulveiized  ch<ir 
coal,  and  placed  lu  a 
proper  furnace,  with 
a  piece  of  gun  biirt.1, 

B,  about  a  foot  in 
len^,  th,  extending 
ontwaid  and  connect   ■ 

r,0. 


well  for  the  operation      A  cora- 


PnpaiBticin  of 


Qdkbtio'^s  — Hiw  did  Sii  H  DftTy  proonre  potassmm'  How  were 
potash  and  the  other  alkahes  consideieil  previous  to  this  bme'  Is  pot- 
ash veiT  geneially  diffused  in  nature'  356  How  is  potassmm  now 
usnaJly  pi  eparad  »  What  is  the  efteet  prodnced  by  the  oharooal '  Da- 
Ecribe  the  appiiatus  li,juied  in  the  maigm,  and  the  mode  of  using  it 


H.,t.db,  Google 


Afi      fha       1       tl       kill       tlifni      (p        Id 

t  fi        ■)      h    h    li  uld  h  d    1    f     by 

t        wth        hmyG-rfffi       thht  dt 

p    d       th    £     t   t  h    t  p      ble        d  (i    m  1 11     p  t 

t      1  b     t  1       th    gia  t  t  p     til       li  th 

t  b     B       d  d       d       d  c  11    t  1        tb    b  tt  m     f  tl 

C     I    tb  m       phth        pi     i  t    p        t 

t  f    m  th      tm    pt 

Cbrrd         mftt  edb  tf        t 

mtraturfb  d'btfpt  bttd 

ftdy        b       tefpth(palh)        ybm       I      tmtly 
w  th  h  If  ts  w  gbt    f  p  1  d    b         1 

Tt  C  (  t     )        b    t  m  d 

f    h    t     pp  two  parts,  M  and  N",  tbo  uppci 

.  p  t  N  b  w  tbout  a  bottom,  and  fitting  aocu- 
t  ly  t  tb  1  wee  part,  M.  Tie  npper  part,  N", 
]  d  1  d  t  two  parls  by  a  vertieal  partition, 
as  shown  in  figure  it  is  ilso  p  ovided  w  th  two 
tubulures  va\2>  dirertly  oppos  te  eac!  other  the 
one  o  t)  receive  the  end  f  the  gun  b^irel  B  (  i 
1  epofl  taaum  ^-^^  ^^^  ^j  ^j^^  acGompany  n^  figures')  and  the 
ottei  p  (correspond  ng  to  h  in  the  hist  fi  uie)  to  Al  w  the 
inicrtoi  of  an  iron  wiie  to  remoie  the  obstruct  as  that  w  11 
oecasionally  collect  in  the  gun  bairel  leaiing  f  om  tl  e  iron  bottle 
A  small  openiQg  is  also  made  for  this  puipose  m  the  pirtition 
of  the  receiver  \ 

During  the  operati  n  n  uch  moon  1  nsiblo  gaseous  matter  fiss  i 
over  and  escapes  hy  a  tube  of  ghss  (  liowa  m  the  fiist  figui  ) 
provided  for  tho  puipose  an  1  as  it  is  aecossa  y  that  the  rece  ^pr 
should  be  kept  cold  a  small  stream  of  cold  water  is  mide  to  fjU 
upon  it  constantly  wh  h  a  ]  reveute  1  from  ente  ag  the  lower 
part,  M  by  a  r  m  of  metal  piss  ^  r  und  t  as  hown  n  the 
figures  Ihe  tuhulure  }  a  to  be  kept  elosel  byacork  ex  eptas 
it  is  neoe  aary  to  remove  t  for  a  moment  to  nse  t  the  ron  wire, 
when  oh  t  uct  ons  occur  n  the  <nin  ba   el 

The  po  ass  m  after  the  ao  on  1  as  ceased  w  II  he  fou  id  in 
irregular  m^ses    n  the  naphtha  at  the  bottom    t  tl  e    e    iver ; 


QU1.!9 


the  10 
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bat  It  will  not  be  pu 
tbrough  wbioh  it  is    qi 
wbile  held  in  a  ci 
fui-tlier  distilled  in  a    i 


U 


n  w     11       d  in  a  bag  of  olotb, 

he  bag  with  pincers 

Q  pi  1        If  necessary,  it  may  be 


357.  Properties — P  ta  un  alia  color  and  lustre 
imiob  resembling  la  I  A  loO  ml  a  d  at  a  dull  red  heat 
may  be  distilled  in  vessels  void  of  gasea  oipable  of  combining  with 
it  It  IS  the  lightest  mefal  Lnown,  having  a  dtusity  of  orilj 
0  8b5,  and  floats  upon  the  suifioe  of  water  At  ordinary  tein 
poialures  it  is  soft  hie  wax,  but  at  52°  it  beoomes  qiite  haiJ 
But  its  most  cbaractei^stio  pioperty  is  its  iflimty  for  oxygen, — 
when  thiown  upon  the  surface  of  water  it  absorbs 
the  osygen  so  rijilly  as  to  bo  inflamed  and  bums 
with  a  beautiful  lose  aolored  flame  In  the  opm 
air,  the  fieshlycut  surface  absorbs  oxygen  so 
japidly  as  to  bo  tainiahed  instantly,  ani  heated 
even  la  carbonic  acid  (:>03),  it  takes  fire  and  burns  comhn  tiou  of 
by  ibsuibmg  tto  oxjgtn  In  consoquenLe  of  its  Potaia  um up.  u 
aflinity  tor  oxygen  it  ean  le  preserved  only  in 
tubes  hermetically  sealed  or  under  some  liquid  that  does  not 
contain  osjgen,  aa  naphtha,  which  is  founl  to  inswci  the  pui 


Binari/  Compounds  of  Poiassium. 

358,  Protoxide  of  Potassium— KO ;  eq.,  (39-2  +  8  =)  47-2. 
— This  is  potash,  or  potassci,  and  is  always  formed  when  the 
metal  is  exposed  in  the  open  air,  or  osygen  gas,  or  acted  on  by 
water.  In  the  latter  case,  the  potash  formed  ia  immediately  dis- 
solved by  the  water,  as  will  be  found  by  applying  the  usual  tests. 
Pure  potash  is  a  white,  inodorous  substance,  with  a  pungent, 
caustic  taste,  and  very  soluble  in  water.     It  absorbs  carbonic  acid 

Questions. — 357.  Dasoribe  aorae  of  tlie  properties  of  potassium.  Wliat 
13  sail!  of  its  affinity  for  oxjgen !  Whit  ia  the  effect  when  a  small  piece 
of  it  is  thrown,  upon  water?  How  is  it  preserved!  Why  ia  naphtlia 
selected  for  this  pm'pose  ?  868.  Wiiat  is  the  common  mime  for  protosidB 
of  potassium  1  Desoribe  potaBsa  !  Does  it  nsuftlly  contain  water  J 
26 
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and  water  rapidly  fom  tht  iir,  ml  ^hfuld  tberefoie  It  kp]  t   n 
close  bottles. 

When  prepared  by  ihe  slow  osjdation  of  pr  tassiiini  in  Jry  air 
or  oxygen  gaa  it  is  auhydj  3U3,  but  wben  tDrmed  by  the  osj  Jatiou 
of  the  metal  in  water,  oi  from  any  of  it"  sails,  it  13  alwajs  in  the 
state  of  a  hydrate. 

Potash  forma  with  water  two  CDmpounda,  tlia  iuonoh\  dratt, 
KO,nO,  and  the  pentahydiite,  K0,5H0,  tho  former  of  wh  h 
is  tbc  caustic  potash  of  i,oinnierce  To  prepare  it,  peorlTih  (c  ir 
booate  of  potash)  is  di'tsolved  in  teti  times  its  own  weight  of 
water,  and  half  its  weight  of  recently  slaked  lime  njingled  with 
it,  in  successive  portions,  ml  the  whole  hoilLl  biisldy  for  Wf  in 
lour.  It  is  then  allowed  to  settle,  and  the  clear  liquid  is  drawn 
off.  The  lime,  in  this  process,  d  comptses  the  ciibonite  at 
potassa,  and  forms  insoluble  oarb^nate  of  lime,  which  settles  to 
the  bottom ,  -wA  the  clear  liquid  coiitain& 
neiily  puie  potissa  This  may  be  pio 
served  fir  u?d  m  well  rlo&ed  bittles,  01  it 
miy  be  evipoiated  to  drjness  m  a\ea&c,l 
of  buch  a  form  13  not  to  allow  any  eo 
Bilerable  accession  of  air  To  in^uie  pLi 
feet  puuli  it  must  be  igam  dia&olved  iii 
absolute  alcohol,  and  the&olutioniiltered  ai  d 
evipotafel  ia  before  The  hydrate  is  solulk 
in  ilcohol,  which  is  not  the  case  wifb  sjI 
phate  of  potash,  usually  present  m  pearlu  h, 
or  caibonate,  poitions  of  whioh  may  ha\e 
escaped  decomposition  by  the  lime 

359  lo  picvent  the  absorption  of  eir 
h  nic  dcid  flora  the  air  while  filtering,  an 
appiiatus  like  that  figuied  m  the  maigin  h 
use  1  It  cous  sts  of  two  \  es^tls,  A  and  D 
of  equal  lajicity,  T.nd  connected  with  each 
other      The  throit  of  thi,  upper  vcsel  01 

QuESTio  3  — Wli  t   hjd  tea    )f  potash   oie   meitionel'      Ho-w   is 

pure  oaus      p  ta  h.  p  ep  i  from  the  caibonato'    Why  <;licnM  it  1  a 

dissolved  11   al    h  1  and  fil  led?    859    Desenha  the  mode  )1  Wtoruig 
tie  alooholic  aolut   n 
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funnel,  A,  is  obstructed  by  apiece  of  coarso  linen  loosely  rolled  up, 
and  not  pressed  down  into  the  pipe  through,  which  the  solution  is 
filtered.  The  pipe,  c,  extending  from,  e  to  h,  serves  for  the  air  to 
pass  from  the  lower  vessel  to  the  upper;  and  the  operation  goes 
quietly  on,  free  from  contact  with  the  atmosphere  escepfc  the  little 
contained  within  the  apparatus       h    bg         g  p       ss 

Solution  of  potassa  is  high         ua  d    ta 

acrid.     It  possesses  alkaline  p    p  d 

converting  the  vegetable  blue  g  d  ra 

the  strongest  acids.     It  absorb  gas     p 

consequently  employed  for  withdri      ^  m  gase 

ous  mixtures. 

Potassa  is  employed  as  a  reagent  in  detecting  the  presence  of 
bodiee,  and  ia  separating  them  from  each  other.  The  solid  hydrate, 
owing  to  its  strong  affinity  foi  water,  is  used  for  depriving  gases  of 
hygrometric  moisture 

Caustic  potash  attacks  all  anim'il  substances  with  avidity,  and 
neutralizes  all  acids.  With  the  fats  and  oils  it  combines  readily, 
forming  the  well-known  compound  called  soap,  of  which  wo  shall 
have  occasion  to  speak  again  hereifter  This  property  is  oharao- 
teristio  of  all  tl 


I.  Peroxide  of  Potassium,  KO3,  as  is  shown  by  the  formula, 
is  a  teroxide.  It  is  of  a  dull  yellow  color,  and  ia  formed  by  burn- 
ing potassium  in  an  excess  of  dry  oxygen  gas.  Thrown  into 
water,  it  gives  up  two-thirds  of  its  oxygen,  and  solution  of  caustic 
potash  is  formed. 

361.  Chloride  of  PotaBsioni,  KCl,  is  readily  obtained  by  neu- 
tralizing carbonate  of  potash,  KO,  CO2,  by  hydrochloric  acid. 
The  reactions  which  take  place  have  already  (347)  been  explained. 
Like  common  salt  (chloride  of  sodium),  it  crystalizes  in  cubes, 
which  are  anhydrous. 

Iodide  of  Potassium,  KI,  is  formed  by  heating  potassium  in 
contact  with   iodine;    or,  by  digesting   iodine    ia   a   hot   solu- 

QuESTioNS.— What  is  said  of  the  action  of  poinsli  upon  auinial  sub- 
Etanoest  What  does  it  form  with  the  fats  and  oils!  360.  What  ia 
perosido  of  potjisflium?  S61.  What  ia  chloritie  of  polaeaium?  How  ia 
jofUdo-  of  potnsaium  foi'med  1 
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tion  of  caustic  potasli,  and  espoaing  the  mass,  when  dry,  to  a  red 
lieut,  and  eubsequentlj  orystalizing  from  solution  in  water  or 
alcohol.  It  is  a,  white  solid,  very  soluble  in  water,  usually  seen 
crystallised  in  cubes,  and  is  often  sold  under  the  name  of  hydrio- 
iJate  of  potash. 

Solution  of  iodide  of  potaaaium  baa  the  property  of  dissolving 
iodine,  and  becomes  of  a  brown  color;  it  also  dissolYcs  other 
iodides,  aa  the  iodides  of  mercury. 

Iodide  of  potassium  is  much  used  in  medicine,  and  in  certain 
photographic  processes. 

Bromide,  KBr,  and  fluoride,  KP,  of  potassium,  liko  the  cUoridb  and 
iodide,  crfstalize  in  cubes. 

363.  Snlphides  of  Potassimn.— There  are  at  least  Ato  snlphides  of  pot«s- 
sinm,  ES,  liSj,  K^,  KSj,  and  KSp  which,  aa  shown  by  ilioir  fonrnilEB, 
oonWn,  raapeetJTely,  1,  2,  S,  4,  and  6  equivalents  of  sulphur  in  oooibina- 
tion  -with  1  equivalent  of  the  metal. 

Tlie  most  importftnt  of  these  is  the  pentaevlphids,  KS,,  whicii  is  easilj- 
prepared  by  heating  gently  a  mixture  of  oarbonatB  of  potash  and  sul- 
phur, or  by  boiling  a  solution  of  caustic  potash  with  an  exceaa  of  sulphur. 

It  ia  a  yello  wish-brown  solid,  very  soluble  in  water,  and  is  used  In 
medicine,  especially  in  outaneons  diseases,  imder  the  name  of  hepar 
sulpkitris,  or  liiier  of  sulphur.     The  {ersulpMde  is  also  ased  iu  the  same 


SalU  ofPotadi. 

363.  Carbonate  of  Potash,  KO,COi  —Carbonate  of  potash,  or 
pear!as/i,  is  prepired  for  the  puiposes  of  commerce  by  leaching 
the  ashes  of  foiest  trees,  md  evaporating  the  /ye  thus  obtained  to 
dryness,  and  tbt,n  beating  the  diy  mass  to  redness  for  a  time  ia 
open  vessels,  to  bum  out  the  combustible  matter  wbioh  is  con- 
tained in  it  A?  thus  procured,  jt  is  1  white  spongy  mass,  very 
caustic  to  the  tiste,  and  absorbs  moisture  rapidly  from  the  air,  so 
that  it  must  be  kept  in  eio'Je  vessels  It  is  very  soluble  in  water, 
but  insoluble  m  alcohol,  and  is  easily  fused  at  a  red  heat.  That 
found  in  commerce  is  very  impure,  being  mised  with  silica  and 
other  substances.  It  is  manufactured  in  large  quantities  in  the 
United  States,  in  the  Canadas,  and  in  Kussia. 


—What  use  is  made  of  iodide  of  potassium  !  362.  What  ia 
said  of  the  sulphides  of  potassiamt  863.  What  is  peadujJ?  How  ia  it 
prepared!    Besei'ibe  it.     What  countries  furaiah  it  in  largo  quBHtJtieal 
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Tf  p  p       h  3  required,  aa  is  often  tie  ease  in 

the  lab  y    ^            te  (     am  of  tartar)  or  osylate  is  heated 

to  red  iDg  the  eharred  mass  thus  formed 

with  w  m  w             J  fi  ten          The  solutioa  may  then  be  evor 

porat  d      d  y  h    d        It  is  desired. 

By  w                      ^           ution  of  oarbooato  of  potash  tke 

s[ilt  lb  d            h  liot  without  difficulty. 

Th  d  ^  ^  the  same  as  pearlash,  except  that 
it  is  d  ocess  of  calcination.  It  is  a  dark- 
color  m  d  ta  m  ch  caustic  potash,  as  well  as  car- 
bona  d  d  te  ly  for  the  manufacture  of  soap. 
Pear  h  m  h  manufacture  of  glaaa  and  paints,  and 
forv 

364  B  a  b  na  o  P  a  h,  KO,2C02.  — This  salt  is  pre- 
pared p  h  n  solution,  for  some  time,  to  an 
iitjnospliero  of  carbonie  acid,  which  is  absorbed  in  large  quanlity. 
Though  lesscauatio  to  the  taste  than  pearlasb,  it  is  still  highly  alka- 
line.    It  is  less  soluble  also  than  pearlasb,  and  less  deliquescent. 

It  may  be  obtained  in  crystals  with  less  difficulty  than  the  car- 
bonate, and  the  crystals  contain  a  single  equivalent  of  water. 
Their  formula  may  therefore  be  written  KO,C02  +  H0,C02, 
that  is,  the  salt  may  be  considered  as  a  double  carbonate  of  potash 
and  water. 

This  salt  is  extensively  used  under  the  name  of  salxratus. 

305.  Nitrate  of  Potash,  K0,NOs. — This  salt,  the  saltpetre, 
or  nitre,  of  commerce,  is  formed,  in  this  country,  by  decomposing 
the  nitrate  of  lima,  which  abounds  in  the  caverns  of  some  of  the 
Western  States,  by  carbonate  of  potash,  and  filtering  and  eva- 
porating the  solution  thus  obtained..  In  some  parts  of  Europe  it 
is  prepared  in  nitre-beds,  which  are  made  by  heaping  together 
old  mortar,  refuse  animal  matter,  wood-ashes,  &c,,  in  which  it 
gradually  forms  by  the  action  of  the  atmosphere.     The  mass  is 

QuESTTONS. — HOTT  maj  puTS  Carbonate  of  potash  be  prepared!  Wliat 
is  tlia  ai-tJole  known  in  oomnierce  as  poinsft?  864.  How  is  bioarbonsit* 
(>(■  potash  prepared!  May  it  be  obtained  in  orjetals?  Bj  what  name  ia 
U  iamiharly  knoivn!  S65.  By  what  naraes  is  nitrate  of  potash  known  in 
uoiiiuierce?     How  is  it  prepared  in  this  cflnniryf    How  in  some  pai'ta 

26* 
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lixiviated  with  tot  water;  aiid  the  solution  by  evaporadoB  jields 

Nitrate  of  potash  is  usually  seen  in  long  six-sided  prisms.  It 
is  a  colorless  salt,  of  a  cooliog  saline  taste,  aud  is  very  soluhle  in 
water.  Its  deosity  is  ahout  1-93.  Heated  to  redness,  it  first 
melts  and  is  then  deoompoaed,  giving  off,  at  first,  pare  oxygen, 
and  afterwards,  if  the  heat  is  increased,  nitrogen  and  nitric  oside. 
Thrown  on  burning  charcoal  it  is  decomposed,  producing  violent 
deflagration,  by  which  it  may  always  be  distinguished  from  sul- 
phate of  soda,  for  which  it  has  sometimes  been  mistaken.  It  is  a 
powerful  antiseptic,  and  is  used  with  common  salt  ia  the  preserva- 
tion of  meat  and  other  substances. 

But  the  chief  use  of  nitre  in  the  arts  is  in  the  manufacture 
of  f/unpowder,  which  is  composed  of  nitre  six  parts,  and  charcoal 
and  sulphur  each  one  part,  the  whole  being  moistened  and 
thoroughly  ground  together,  and  subsequently  pressed  and  granu- 
lated. "When  fired,  the  nitre,  by  its  decomposition,  furnishes 
oxygen,  which  combines  the  carbon,  forming  carbonic  acid,  the 
sulphur  at  the  same  time  uniting  with  the  potassa.  The  action 
of  gunpowder  depends  upon  its  generating,  when  decomposed,  a 
large  quantity  of  gaseous  matter  at  a  high  temperature.  Tiie 
gases  are  chiefly  nitrogen  and  carbonic  acid,  which,  at  the  moment 
of  explosion,  occupy  more  than  1000  times  the  volume  of  the 
powder  from  which  they  arc  formed.  The  formation  of  the  gases 
is  not  instantaneous,  but  occupies  a  certain  time,  and  the  ball  is 
I'oreed  from  the  gun  with  a  velocity  due  to  the  ultimate  efioct 
of  the  whole. 

When  made  for  particular  purposes,  the  proportion  of  the  ingre- 
dients is  sometimes  considerably  varied.  "VVe  may,  in  fact,  con- 
KJder  gunpowder  as  of  three  kinds,  which  may  be  called  sporting 
powder,  war  powder,  aud  blasting  powder;  the  former  of  which, 
is  required  to  detonate  more  rapidly  and  violently  than  either 
of  tJie  others.  The  composition  of  the  three  kinds  is  usually 
ahout  as  follows ; — 

QtTESTiOHS. — Desoribe  nitrate  of  potnali?  How  does  lieat  affect  it? 
What  ia  the  effect  when  it  is  thrown  upon  burning  charcoal  ?  W]iat 
uses  are  made  of  itt  What  ia  the  composition  ot  g^inpowder  ?  What  are 
ihe  ehamical  reactions  tbat  take  place  whon  it  is  firotl !  Upon  what  does 
tie  action  of  gunpowder  depend?.   What  different  Mntls  are  mentioned? 
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For  BporiJng  powJsr Nitre 70-9  pacta. 

Sulpliiir 9-3      " 

Cai'bon 13-5      " 

100-0     " 

For  wiu-  powiler Nitfe 75-0  pacta. 

Sulphur 12-5      " 

Carbon 12-5     " 

100-6     " 

For  blaalJng  powder Nitj-c 62-0  pavfe. 

Siilpliur 20-0     " 

Carbon 18-0      " 

1000     " 

TliBoi'BtioiiUj',  it  would  eeem  that  tlie  beat  proporiaoii  would  be  1 
oiuivalent  of  nitre,  1  equivalent  of  sulpUuv,  and  3  equivalenta  of  oarbou. 

EO,NOs  +  S-f-8C  =  KS4.N  +  SCOj. 

Tlie  proportion  by  woiglit  of  tlie  eeveval  iflgredienls  would  then  be  as 
follows:— 

Nitre,  1  equivalent 10I-3 74-85 

Rulphnr,  1     " 16-0 11-84 

Caibon,   3     "         18-0 13-31 

100-00 
Tliis  is  very  nearly  lie  same  proportion  as  Uiat  given  for  wai-  powder 
above;  but  Uie  reacHons  wliioh  take  place  in  the  combustion  of  fhe 
powder  not  being  ueeesBttrily  the  aaine  precisely  as  indicated  in  tho  above 
1'orm.ula,  nor,  indeed,  in  any  two  oases  wiit  the  sntne  powdar,  consider- 
able vfiriatiou  in  the  proportion  of  the  ingredienta  may  be  allowed.  For 
the  best  powder,  tlie  materiids  should  be  ftoetl  from  all  impurlUas  before 
using  them. 

888.  The  comparative  force  of  different  apeoiraans  of  gunpowder,  or 
tho  inidal  relooity  a  given  quaajity  of  it  will  commnnioate  to  a  ball  of  a 
given  weight,  is  determined  by  several  modea,  only  one  of  which,  called 
tho  ballistic  pendulum  [sea  fignra  on  nest  page),  -will  be  described,  ajid 
that  very  briefly.  It  is  composed  of  two  parts,  the  balUalie  pmdxbim,  P, 
foii  ^s  pendiiltim-gim,  G,  the  former  of -whiob,  P,  consists  of  a  conical  bo:, 
containing  a  mass  of  lead,  suspended  by  an  iron  cod,  in  the  mannor  of  a 

Questions. — Wliat  is  the  difference  in  the  composition  of  the  three 
Idnda  of  gnnpowdor  ?  Is  the  composition  of  gunpowder  esaotly  the  same 
as  would  seem  to  be  veq^uived  by  the  chemical  formula!  866.  How  is 
llie  comparative  force  eserted  by  different  kinds  of  gunpowder,  when 
fiiod,  determined  ?    UoBcribe  the  ballistic  pondulmn. 
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pendulum,  &om  BOme 
yerj  fiim  soppoi-t.  G 
is  0,  common  gun-Tiar- 
rel  supported  in.  nn 
frame,  which  is  also 
Buspencied  in  tbe  man- 
ner of  a  pendolmn, 
the  gon-barrel,  when 
hanging  freely,  being 
made  to  point  to  the 
mass  of  lead.  At  m  » 
and  op  are  graduated 
arcs,  each  having  at- 
tached to  it  a  sUder, 
■which  ifi  earned  along 
Mith  the  movement  of 
the  rod  to  the  furthest 

,,  bnt  does  not  re- 

The  gun-barrel  is  now  charged  with  the  proper  quantity  of  the  powder 
to  be  tested,  and  the  ball  placed  in  il,  and  firecf ;  and  the  ball  being 
prajeoted  into  the  mass  of  lead  causes  it  to  more  to  the  left  {as  the  appa- 
ratns  is  representee!  in  tlie  figure)  to  a  oertain  distance,  whioh  will  bo 
OKOoUy  shown  by  Hie  slide  npon  the  graduated  arc,  m  n.  At  the  same 
Ume  Ui8  gun-barrel  will  recoil  to  the  right,  aa  will  be  shown  by  the  slide 
upon  op.  The  initial  veiocity  of  the  ball  may  now  be  calculated  fram 
the  distance  either  slide  has  traversed,  by  means  of  the  proper  mathe- 
iiiaticaJ  fcrmnlEB. 

To  insore  acom-aoy,  attention  mnst  be  paid  to  several  partioulais  in 
the  adjastment  of  the  apparatus,  which  are  not  here  alluded  to. 

367.  Sulphate  of  Potash,  KO.SO,.— This  salt  is  easily  pra- 
pared  artificially  by  neutralizing  carbonate  of  potassa  with  Eul- 
phurio  acid;  and  it  ia  procured  abundantly  by  neutralizing  with 
L  irboQ.ite  of  potasgi  the  residue  of  the  operation  for  preparing 
nitrio  acid  (2il)  lis  taste  is  saline  and  bitter.  It  generally 
cijstahzes  m  ■iis  sided  prisms,  bounded  by  pyramids  with  six 
sides,  but  its  primary  form  ia  the  right  rhombic  prism.  The 
ciystila  contain  no  witer  of  crystalization,  and  suffer  no  change 
b)  esposure  to  the  oir  They  decrepitate  when  boated;  and  enter 
into  fusion  at  a  red  heat.  They  require  16  times  their  weight 
of  water  at  60°,  and  5  of  boiling  water  for  solution. 
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368.  Bisulphate  of  Potaasa,  KO,2S03,  is  easily  formed  by  ox- 
posing  the  neutral  sulphate  witt  talf  its  weight  of  strong  Bulphuric 
acid  to  B,  heat  just  below  redness,  in  a  platinum  erueible,  until  aeid 
fumes  cease  to  escape.  It  has  a  strong  sour  taste,  and  reddens 
litmus  paper,  and  in  oryslals  may  be  considered  a  double  sulphate 
of  potassaand  water,  KO,SOj  +  HO,SOs-  It  is  much  more  soluble 
than  the  neutral  sulphate,  requiriug  for  aoiulion  only  twice  its 
■weight  of  watei'  at  60",  and  less  than  an  equal  weight  at  212°. 
It  is  resolved  by  heat  into  sulphuric  acid  and  the  neutral  sulphate. 

369.  Chlorate  of  Potash,  K0,C10i.— This  salt  is  formed,  to- 
gptber  with  chloride  of  potassium,  by  passing  a  current  of  chlorine 
through  a  strong  solution  of  pearlash.  The  reactions  are  as 
follows  :— 

6K0,C0i,  +  6C1  =  5K01  +  KO.CiOs  +  OCO,. 

The  carbonic  acid  escapes  during  the  process,  and  the  chloride 
of  potassium  being  very  soluble  remains  in  solatiou,  while  the 
chlorate  orystalizes  in  shining  white  scales. 

The  chlorine,  before  entering  the  potash  solution,  should  be 
made  to  pass  through  a  thrce-neoked  bottle  containing  a  little 


FrepBraUon  of  E0,C10i. 


water,  to  separate  any  sulphurio  acid  which  may  pas: 
it.     The  proper  arrangement  is  represented  in  the  figv 
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Its  taste  is  not  unlike  that  of  nitre,  but  it  ia  muoli  leae  solubla 

b                H                d                 m   ts  t  a  rod  beat  is 

cl      mp          g             p    b    wh  Tbroiva  oa 

b                                d  fl  g                           b      m  energetically. 

Ok.     W                                w      p  d                        W  piece  of  pLos- 

p                                               p  blow  from  tbe 

h      m              w           m              d                m  re  of  Lucifer 

b          dh     b                  Qte                   ttg  wder;  which, 

w          hppdbb             p  from  causes  so 

g  tsm  d    g 

The  silicates  of  potaah  Till  be  deeonbed  hereafter. 

3T0.  Snlphnr-Salts  at  PotaBsium— ProtomilpMiIa  of  potassiran,  as  the 
eleelro-positive  element,  eouibines  with  laiuij  other  electro-ncgativo  sul- 
phides, forming  true  salts  {345),  but  wo  shall  here  desoiibo  only  the 
followiJig  two  1 — 

Hydroanlpliate  of  Potaseinm,  or,  more  properly,  the  bydrosnlphate  of 
BvUphidB  of  potaaflium,  KS,  HS,  is  prepared  by  passing  a  cuiTeat  of  hydro- 
Bnlpliuiio  acid  (203)  tiirough  n.  solution  of  potash..  Whea  the  solution  is 
conoentvated  the  salt  may  be  obtained  iu  orystaJs. 

Carbosulphate  of  potasEiam,  KS-CS,,  may  a 
prepared  by  ponriiig  bisulpbide  of  cavboii  int 
protosulpliide  of  potassimn. 


Sj/mlol,  Ka  (^A'ulro^) ,  Uqunol-'nt,  23;  Density,  0'972. 

371.  History  and  Preparation — Sodmm  was  discovered  in 
1807,  by  Davy,  a  few  dtya  afttr  tbe  discovery  of  potassium. 
The  first  portions  of  it  weie  obtained  by  means  of  galvanisiu; 
but  it  may  be  procured  in  much  loiger  quantity  by  chemical  pro- 
cces,  pieoisely  similar  ta  those  just  described  for  obtaiuing 
potas-ium      Its  preparation  is  less  difficult  tbau  that  of  polassiuni. 

QiKSTiON'!  — Deii-nbe  the  propeities  of  chlorate  of  potash.  What  is 
the  effect  whan  it  is  tbiown  on  burning  charcoal?  What  rist  has  been 
mile  of  it  f  ^hy  mai  it  not  be  used  in  the  formation  of  gunpowder? 
370  How  13  bjdiosulrhate  of  potos  mm  foimed?  What  is  its  oom- 
f u  ition  "What  is  the  eompo&ition  of  Laibosulphato  of  potaaskim? 
o7l    noviSBol 
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372.  Properties. — Sodmm  bos  a  strong  mehlhc  luafit,  and  m 

ppratures,  that  it  may  lie  formed  iuto  leti  ea  by  tbe  jiressuii, 
uf  thofingpia. 

Sodium  fcoon  tarnislies  on  exposure  to  the  ajr,  though  le-^a 
rapidly  than  potassium.  Like  that  metal  it  ig  inst  iiitly  osj  ihzid 
hy  water,  hjdrogeo  gas  in  temporary  union  with  a  little  sodmm 
hcing  disengaged.  When  thrown  on  cill  water,  it  swims  on  its 
surface  and  is  rapidly  osydiaed,  though  in  general  without  lu 
flaming;  hut  wifli  hot  water  it  si,  ct  Hates,  or  even  takes  fire,  and 
huviia  with  a  beautiful  yellow  flame,  which  read  ly  distinguishes  it 
from  potassium. 

By  throwing  two  pieces,  one  of  sodium  anl  inothei  of  putas 
sium,  at  the  same  time,  into  a  ves'si.l  of  water,  both  will  usually  be 
inflamed ;  and  the  characleristio  o  lors  of  then  flamea  will  b^ 
seen  togethpr. 

Sodium  i-i  preserved  under  naphtha  in  the  same  manner  as 
potassium. 


Biliary  Compounds  of  Sodium. 

373.  Protoxide  of  Sodium— NaO;  eq.,  (23  +  8=)  31.— This 
compound,  usually  called  soda,  is  formed  by  the  osydation  of  sodium, 
as  potassa  is  from  potassium.  With  water  it  forms  a  solid  hydrate, 
which  is  easily  fusible,  and  very  soluble  both  in  water  and  alcohol. 
It  is  a  powerful  alkali,  and  very  similar  in  all  its  properties  to 
potaasa.  Hydrate  of  soda  is  prepared  from  the  carbonate  in  the 
same  manner  as  the  hydrate  of  potash.  The  hydrate  is  known  as 
ciiKsiic  soda; — it  contains  a  single  equivalent  of  water,  and  its 
formula  is  therefore  NaO.HO. 


QiTKBTioNs. — 872.  Doscribe  the  properties  of  soclium.  T 
effect  when  it  is  thrown  upon  w.iter?  How  is  it  presoryed? 
is  soda?  DfiSOribe  its  propei'ties.  By  whiit  name  is  the  liydi' 
kiiiiwn?    What  is  peroxido  of  sodium? 
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374   Chloride  of  Sodium— NaCl;  eq.,(23  +  35-4=)  58-4.— 
'i'liis  salt  of  commerce.     It  may  be  formed  by 

burn    g     d    m         hlorine,  but  is  obtained  in  great  abundance 
as  a      1  d  d  p  iled  rock  salt,  in  various  parts  of  the  woi'ld, 

E  gl     d    P  1    d        d        Ab    gd  V   g  d 

]  hw  fb  pn  whiibdnNw 

1     k  P        jl  V  I  ky  Oh  d     h 

wU  hu  Sa-w  tab  7pe 

fb        b  whlhw  fh  IIL 

Uhl  y  b  )p  Allil 

b  w  pi  wh  y 

3s  dw  f  p  1 

dphfm        hhlf  blh  y 

1      das  1    d 

Ell  m  1    f      &  p      yf  d 

q  1         bpl  db  fjlytsmd 

whl  Idf  d  hbdisslddh 


fillyli         p  fihdbym  ffilh 

I   cold  h  b  a      f  h  Mh     S      h  p 

esramd  dff  — hw 

p     d  to    1         H      m    jh         bywL   li       1    g     p         f    1 
w  p        d         hfmf  dl        m  Ijd 

p  d  ff     d       pc       d 

Pure  chloride  of  sodium  has  an  agreeably  saline  taste.  It  fuses 
at  a  red  heat,  and  becomes  a  transparent  brittle  mass  on  cooling. 
It  deliquesces  slightly  in  a  moist  atmosphere,  but  undergoes  no 
change  when  the  air  is  dry.     In  pure  alcohol  it  is  insoluble.     It 

QnBBTioNS.— 874.  Whiit  ia  tlie  oomnion  name  for  oMorido  of  sodium? 
Where  is  it  found  in  the  solid  state  ?  Wliiit  are  trine  springs  ?  Whut  is 
tlia  proportion  of  it  contained  in  sca-wotcr?  In  tlie  water  of  the  great 
BRlt  lake  in  Utali  Territoi'y  !  Flow  is  tills  substance  procured  in  eai-tain 
warm  oonntries!  How  in  cei-tain  cold  countries?  Describe  some  of  the 
properties  of  eommon  salt  ? 
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requirea  twioe  and  a  half  its  weight  of  water  at  60°  for  solution, 

^d!  ita  solubility  ja  not  in&ieasecl  by  hi.at      It  cijatill  zes  in 

cubea  wliich  ire  anhj  lioua,  anl  hwe  a  kiisity  uf  about  2  13  — 

nhen  its  iiclution  is  slowly  evaionted  in  the 

open  air  Iwippi  sh  q    I  crystals,  as  figuied 

m  the  marfj  n    aie 

rheir  f  rmation  miy  be  explained  as  fol 

lows  — hrat  1  small  cubicil  crystal  foiras  at 

ll  p  suifaoe  of  the  soluton  which  tt,nils  to 

silk,  anl  depress  tho  surtace  aa  tliuwn  m  tha  figuie  A      Soon 


«s=^a^  s^ 


t  Common  SulL 

itl  er  s  iiill  crystals  form  and  attach  themselves  to  the  iiist  o 
it  its  font  uppei  horizontal  ed^i'S  by  which  it  is  i  1  ttlu  inoie  & 
]  ressed  an  representcJ  in  the  fig ui 
a  further  addition  m  tho  same  m 
L  uses  a  fuitLei  dLficssion  aa  seen 

1  jd   so  on  Crrst  Con  1.    n  'l    t 

\  iituiatel  olution  of  common  salt  does  not  fieezi,  i,vcn  at  0", 
but  lydrited  oiytila  are  fermpd  wtiob  ha\o  tht,  1  imuh  N1CI  + 
4H0.  It  fuses  at  a  red  heat,  and  may  even  be  sublimed  without 
change. 

Tho  uses  of  this  substance  are  well  known.     Besides  the  ordi- 


nary purposes  to  which  it  ia  applied, 

putrefaction,  and  iu  seasoning  food, 

arts,  in  glazing  pottery-ware,  id  the 


salt,  carbonate  of  soda,  hydTOobloric  acid,  &e. 


preserving  meat  from 

ised  extensively  in  tho 

manufacturo  of  bieaching- 


I  salt  (Lat. 

stance  alone,  but  wm  subsequently  ext 

of  compounds  which  have  been  known 


iginally  given  to  this  sub- 


s  saits.     By  our  present 


QuBBTroKS, — Describe  lie  modo  in  wliicli  hopper-formed  crjstwla  ran 
EoineUmea  produced.  What  are  the  iiaes  of  this  euhutance!  Does  y 
heloug  to  tho  family  of  sails,  accowling  to  the  dofiiutjon  of  the  wer< 
nhich  we  have  adopted? 
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teoliniciil  arrangement  (347),  it  is  entirely  eaciucled  from   tlio 

Sodium  forms  definite  compounds  with  iodine,  hrninine,Jliiorinef 
sulpliiir,  &c.,  but  tliej  are  not  dosoribcd  in  tliis  work. 


Sails  of  Soda. 

376,  Sulphate  of  Soda,  NaO.SOa.— Sulpliate  of  soda,  or  Glau- 
ber's salt,  is  sometimes  found  native  in  dry  situations,  but  more 
frequently  in  solution  in  the  waters  of  mineral  springs.  It  is  also 
obtained  in  the  inanufactni-e  of  hydrocUorio  acid  (236).  It  was 
first  made  known  by  Glauber,  from  whom  it  reoeiyed  ifa  name, 
although  Le  himself  called  h  sal-mirabile.  It  has  a  cooling, 
saline,  and  somewhat  bitter  taste;  and  is  very  soluble  in  water  at 
a  temperature  91°  or  92°,  but  less  so  in  water  that  is  very  cold 
or  very  hot  (350).  The  crystals  of  this  salt  usually  conteiu  more 
than  half  their  weiglit  of  water  of  crystalizatioQ,  which  escapes 
when  they  are  exposed  to  the  open  air,  and  they  crumble  into  a, 
white  powder.  Their  proper  formula  is  NaO,SOa+10HO.  The 
water  therefore  constitutes  nearly  56  per  cent,,  as  will  be  found 
by  making  the  calculation. 

Sulphate  of  soda  is  used  ia  medicine  as  a  cathartic,  and  for 
the  preparation  of  the  carbonates  of  soda, 

Sisulphate  of  Soda  may  be  otitiuned  in  crystals  which  have  the  formula, 
NaO,280j  -|-  8H0.  Deprived  of  its  water  of  orjstalizitioii,  it  may  be 
naed  in  preparing  anhydrous  SOj  (259). 

378,  HyposnlpMte  of  Boda,  NaO,SjOj. — This  ealt,  which  is  mneh  used 
in  the  dagueri'eotype  proceaa,  forromoviDg  the  sensitiye  contingfrora  the 
wlver  plate,  after  being  token  from  the  mercurial  vapor  batli,  is  preparad 
by  lir9t  passing  a  current  of  snlphniouB  a«ic!  gas  through  a  solution  of  car- 
bonate of  sodfi,  to  form  suipMte  of  soda,  and  then  tUssolTing  sulphur  in  a 
oonoeatrated  hot  solutioa  of  the  sulphite. 

.  It  may  be  obtained  in  crystals,  wliich,  according  to  some,  conttun  6, 
and  aooording  to  others,  10  equivalonts  of  water.  It  is  also  called 
diihianale  of  »oda. 

Questions.— 875.  'What  is  Glauber's  salt!  What  are  some  of  its  pro- 
perties? What  is  said  of  its  water  of  crystalizalion !  What  use  is 
miide  of  it?     37G.  What  use  U  made  of  hyposulphite  of  soda? 
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377  Carbonate  of  Soda    N^O  f  0  —The  ca  I      a,  e  of  "od 

oommetce  was  form  r  j  oV  ned  by  1  x  V  at  n  tl  e  asl  s  f 
a  weeds  in  the  wne  nana  a  the  oa  bon  t  of  [o  a  aa  s 
ol  a,  ned  from  the  a  hes  of  Ian  ]  pla  ts  But  it  ow  a  u 
f  tured  altogetl  er  f  om  co  bq  on  s  I  w!i  ct  first  onver  A 
nto  sulphate  of  soda  >y  sulj  huno  ac  d  and  th  n  the  sulph  te 
m  sed  w  tli  cba  coal  and  ca  1  on\  e  of  1  me  s  he-i  ed  uteu  ly 
1  T  nd  furnace 

The  mater  als  wh  ch  cocf.  st  of  about  par  3  of  the  ant  1  -i 
sulphate,  ^  parla  of  chalk  (carbonate  of  lime),  and  1  cl  i.lij.ii,ua), 
are  well  ground  together,  and  in- 
troduced upon  tlie  hearth,  9  H, 
of  a  reverbatory  furnace,  similar 
to  that  represented  in  section  in 
the  figure;  and  by  eonlmued  action 
of  the  heat,  carbonate  of  =  li 
NaOiCOj,  osjsulphide  of  cal 
CftSjCaO,  and  carbonic  oxide  ( 
are  formed :— the  latter  comfuu  1 
being  gaseous,  of  course  passea  ofl 
The  oxysulphide  of  calciuni  being 
nsoluble  in  water,  it  ii  now  only 

mry  to  digest  the  black  mass  which  comes  fiom  the  fuinaee 
iu  warm  water,  and  filter,  and  a  solution  of  carbonate  of  soda  is 
obtained.  This  is  now  evaporated  to  dryness.  It  rnay  be  obtained 
n  crystals,  which  always  contain  muoh.  water  of  orystalization, 
and  effloresce  in  dry  air.     It  is  the  sal  soda  of  commerce. 

The  mistnre  as  taken  from  the  furnace  is  the  soda  aah,  or 
British  harilla  of  commerce,  and  has  been  sometimes  used  as  a 


; 


Carbonate  of  soda  is  estenBivclyuscd  in  the  manufacture  of 
glass  and  hard  soap,  and  for  other  purposes. 

Seaqtucarhonftte  at  Soda,  2NaO,SCO„  called  troita,  is  found  in  tlio 
\!ators  of  oerfmn  lalcea  in  Egypt,  in  Hungary,  aoid  in  tids  country  in 
springs  among  the  Kocty  Mouiitoina. 
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378.  Bicai-bonato  of  Soda,  NaO,2COs.— Tliia  salt  is  formed  by 
exposing  the  onrbonate  in  BolutioQ  to  an  atmosphere  of  eaihonie  acid, 
in  the  same  manner  as  the  bicarbonate  of  potash.  Like  the  cor- 
responding salt  of  potafih,  it  alwajs  contains  one  atom  of  water, 
and  may  be  considered  a  double  carbonate  of  soda  and  watei', 
according  to  the  formula,  NaOjOOa+IiOjCOa.  It  is  often  used 
by  bakers  as  a  substitute  for  sal-feratus. 

379.  Biborate  of  Soda,  NaO,2BOa — This  salt  ooonrs  in  solu- 
tion in  the  waters  of  certain  lakes  in  Thibet  and  the  East  Indies, 
from  which  it  is  obtained  by  evaporation,  and  was  formerly  im- 
ported into  this  country  and  England  under  the  name  of  tincal. 
When  refined,  by  solution  and  recrystaliaation,  it  is  sold  as  horaw, 
&  substance  well  known  for  its  extensive  use  in  the  arts  in  various 
metailurgic  operations.  At  present,  most  of  the  boras  of  com- 
merce is  obtained  irom  Tuscany,  where  it  is  prepared  by  adding 
carbonate  of  soda  to  the  native  boraoio  acid  (326)  of  the  hut 
springs  which  abound  in  an  extensive  volcanic  district  of  ihit 
country.     To  obtain  it  pure,  several  reorystalizations  are  required. 

Ordinary  borax  eryatalizea  in  right  rhombic  prisms,  which  con- 
tain 10  equivalents  of  water ;  but  when  erystalized  from  a  hot 
solution  the  crystals  are  octahedrons,  and  contain  only  5  atoma 
of  water. 

When  boras  is  heated,  it  first  loses  its  water  of  orystalization, 
which  causes  it  to  froth  up  very  much ;  and  at  a  red  heat  fusc» 
into  a  clear  transparent  liquid,  which  on  cooling  has  the  appear- 
ance of  glass.  At  high  temperatures,,  it  dissolves  most  of  the 
metallic  oxides,  and  becomes  colored. 

Borax  is  used  as  a  flux  in  metailurgic  operations,  in  the  pre- 
paration of  certain  kinds  of  glass,  and  in  medicine. 

380.  iSitrate  of  Soda,  NaO,NO;,  resembles  nitrate  of  potassa 
in  many  of  its  properties,  but  cannot  bo  substituted  for  it  in  the 
manufacture  of  gunpowder,  because  of  its  tendency  to  absorb 

QussTioNS. — 878.  What  is  bicarbonate  of  soda?  What  use  is  madp 
of  it  I  379.  wWe  is  biborate  of  soda  obtained?  What  ia  it  often 
calletl  ?  Where  is  most  of  tlia  boras  of  commerce  obtained  at  the  pi-e- 
Ecnt  time  !    What  use  is  made  of  it?    380.  For  what  is  nitrate  of  sodi 
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moisture  from  the  atmosphere.     It  is  used  iDstend  of  nitrate  of 
{)otash  in  the  preparation  of  nitiio  acid,  and  sometiiuee  as  a 

381,  Phosphates  of  Soda  — Phosphoric  acid  forms  with  soda 
(aud  the  basea)  three  aeries  of  Silts,  viz.,  iribasio  or  ordinary 
phosphates,  biba&io  or  pyrophoiphatei,  and  monohaiie  or  mcfa- 
phosphates,  corresponding  to  the  three  states  (282)  of  tho  acid. 

I.  Tribasic  PhosphaU  of  SoJa  —Of  this  there  are  three  va- 
rieties, viz. :  1.  The  salt,  SNaO.POj  2.  The  salt,  (2NaO  + 
ilO)  POb.  3.  The  salt,  (NaO+SHO)  POj.  Tho  three  varieties 
jre  trihasio,  hut  the  base  of  tho  first  consists  of  3  eq.  of  soda ;  the 
base  of  the  second  of  2  eq.  of  soda  and  1  eq.  of  water;  the  base 
f  the  thud  of  1  eq  of  soda  and  2  eq  of  witei  The  water  serving 
as  base  in  such  salts  ii  called  basic  uatei 

The  first  two  varietici  muallj  crystalizc  with  24  eq.  of  water, 
nni  the  third  with  2  eq  of  water  If  heated,  they  readily  give 
uj  tliPir  watei  of  orj stalizatiou,  but  a  led  heat  is  required  to 
ex^d  the  bMic  watei  AH  of  thera  in  solution  give  a  yellow 
jiLOipitate,  3AgO,POi  with  solution  of  nitrate  of  silver, 

II  £ilaeie  Pliofphaie  of  Soda — Pi/i  opko  phate  of  Soda. — 
11  IS  oompound  furnishes  two  vane  ties,  mz  ,  1  The  salt,  2NaO,POi; 
2.  The  salt,  (NaO+HO)  PO5.  Both  varieties  are  bibasic,  but  the 
i)aBe  of  the  first  consists  of  2  eq.  of  soda,  and  that  of  the  second  of 
1  cq.  of  soda  and  1  eq.  of  water.  Bibasio  phosphate  of  soda 
erjstaliaes  With  10  eq.  of  water;  —  the  solution  of  both  varieties 
gives,  with  nitrate  of  silver,  a  white  precipitate,  SAgOjPOj. 

III.  Monohasic  Plwupliate  of  Soda — MelapTtosphafe  of  Soda 
~N&0,POi. — This  phosphate  in  solution  gives  a  white  precipitate 
with  solution  of  nitrate  of  silver,  AgOjPOsj  but  its  composition, 
it  will  be  observed,  differs  from  that  procured  from  the  bibasic 
phosphate.     Solution  of  this  phosphate  also  has  the  property  of 

Questions. — 3S1.  TOiat  is  said  of  tbe  salts  formal  with  soila  bj  phos- 
phoric acid?  What  Tariotiea  of  tribasio  phiwphat«  of  soila  are  there? 
Hoir  may  they  be  tested  when  in  solution  ?  What  vaiielies  of  bibasio 
phosphate  of  soda  ai-a  tliere  ?  What  is  ssud  of  ihe  precipitate  they  give 
withuitrate  of  diver !  Wlint  is  metaphoaphate  of  soda! 
27* 
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318  LITHIUM, 

coagulating  the  whites  of  egs^s,  an  effect  not  produced  by  the 
othei  phoHfinto^ 

For  the  methods  of  prepann^  these  ^ii  Ltiw  anl  ub  vaxictii-s 
of  phosphate  of  soda,  the  iq  luinog  stu  lent  will  consult  laiger 
woika  oa  this  science,  especwlty  the  excellent  one  of  Kegnault, 
the  object  of  the  present  worli.  not  ptimittiiig  so  much  minuto 
detail 

W  h  1  bnses  phosphoric  acil  piobaHy  fornix  snmhi  si,r  ^i 
f     1      b       lie  subject  has  not  been  fully  inveatigagi-d 

383   C    ra     rleWen  of  Potash  and  Sodn  Sails. — AU  the  aalta  of  potash 

t]       are  soluble  are  dieldngnished  from  other  metallic  salts, 

p  ts  of  llthia,  which  Bie  Tsij  I'ore,  by  ^ying  oo  preoipitate 

Vf  th  of  tlie  alknline  carbonates.     It  ia  therefore  Buffiolent, 

P  to    e  able  to  liiatingaiBh  between  these  two  classes  of  salts ; 

for  ivtiioh  the  foUowing  tests  mil  snffioe. 

With  tartaric  neid  potassa  forms  a  sparingly  soluble  salt,  wMob,  if  tlie 
solution  is  moderately  oonoentrated,  appears  as-  a  wMte  precipitate ;  but 
with  soda  no  precipital*  is  formed,  aa  tiie  cowespondiaig  salt  of  soda  is 
very  solnblo. 

With  potash  a  sb.-ong  solution  of  eilorido  of  platinum  forms  a  yellow 
precipitate,  the  doable  chloride  of  potassium  and  platinum,  wMch  be- 
comes more  copious  by  liie  addition  of  alcohol ;  bnt  iu  the  same  cironm- 
Btannes  no  precipitate  is  formed  by  the  salts  of  soda,  because  of  tlie 
solubility  of  tlie  double  cMorida  of  platinum  and  sodium. 


Sj/ jnl/ol,  Jj ;  Uipdoalen/,  G-i ;  Hansily,  —  ? 

383.  History,  Etfl.  —  IJthium  is  a  very  rare  substance,  and  is  fonnd 
only  in  a  few  minerals,  aa  e^ainmeiM,  and  the  variety  of  mica  called 
UpikaUle.  It  is  obtained  from  these  in  combination  with  oxygen  as  the 
protoxide,  Ulhia.  From  this  tlie  metal  may  be  procured  with  some  diffi- 
culty by  means  of  galvanism.  It  is  a  white  metal,  liie  sodium.  The 
protoiide,  litiiia,  is  "a  powerful  altali,  like  potash  or  soda,  but  is  less 
soluble  The  name  is  from  the  Greek,  lithos,  a  stone,  in  aJlusion  to  the 
source  from  wMoh  it  is  obta.ined. 

otlie 


QuBSTiosa.— 3S2.  How  are  the  soluble  salts  of  potash  and  soda  dis- 
tinguished from  other  aalta?  Describe  the  mode  of  distinguishing  s 
soluble  salt  of  potash  from  one  of  soda  by  means  of  tai'taiic  acid.  By 
moana  of  solution  of  chloride  of  platinum.  3S3.  What  is  said  of  Jithiawi  ? 
From  what  is  the  name  derived? 
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AMMONIUM. 


Ammonium.     (Jiot  Tsolahle.) 


384.  History,  Etc.— This  name  is  ^ven  to  a  supposed  com-, 
pound  of  nitrogen  and  hydrogen,  NH4,  which,  has  never  yet  haan 
obtained  in  a,  separate  etaie,  but  ig  believed  by  many  to  enter 
into  the  composition  of  most  of  the  ammoniaoal  compounds,  and 
to  possess  in  some  respects  the  characters  of  a  metal.  Its  symbol 
is  written  NH„  or  Am. 

When  strong  aqua  ammon  ■«  {     5)  t    t      tb      1  ttl 

meronry,  whicb  is  connected  witli  th        g  t        ltd      f  tb 
galvanic  battery,  is  subjected  totht         ft  Itl 

current,  osygen  is  liberated  at  th    p     t        ltd        1  th 
cury  increases  very  much  in       1  m         d  b      m      1       fl    1 
having  the  consistency  of  b  tte  ft  I    d    b  t    1 11      t 

perfectly  its  metallic  lustre.     Th     h  y  m    1    th      h       t 

of  an  amalgam;  and  we  may      pp        tb  t       i      th        fl 
of  the  current,  ammonium,  NH  (  q    1  t    NH  +  H")  b      b 
formed  from  the  ammonia  and  tb    hyd  t  th        t  It 

once  united  w:tl]  the  mercury  th        y^  P  t  tb      th 


The  same  compound  may  1      b      bt       d  ply  by      m 

bining  a  little  potassium  or  d    m  w  th  5U  100  t 

weight  of  mercury,  and  pour  t        t      g  1  t         f      1 

ammoniac,  MHj.HCl.     In  tb  th  t  m    t    b 

KHg  +  NHa,H01  =  KCl  +  N"H4,Hg. 

This  compound,  called  a/mmoniacal  ama7<fam,  when  removed 
from  the  solution  ia  which  it  was  formed,  rapidly  undergoes 
Bpontaneous  decomposition,  yielding  ammonia  and  hydrogen  in  the 
proportion  of  2  volumes  of  the  former  and  1  volume  of  the  latter. 
After  a  little  time  the  mercury  alone  is  found  entirely  unchanged. 

QnESi'iONB. — 384.  What  is  the  compound  to  which  the  name  ammo- 
nium is  giren  ?  Sua  it  bean  obtained  in  a  separate  state  ?  What  is  the 
modfl  of  preparing  ammoniacal  amalgam  by  the  use  of  the  galvtuiio  bat- 
tery  ?  Explain  the  raaoUona  by  wMoh  we  may  suppose  Sia  new  sub- 
stance to  be  produced.  Describe  the  mode  of  prodnoing  it  by  Ihe  use 
of  aal  ammoniac  in  soIuMoa.  What  are  the  renatioas  that  appear  to  take 
place  ?  What  is  tho  effect  when  the  amalgam  is  removod  from  the  solu- 
tjju !     What  arc  obtained  when  it  doooiuposea  f 
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320  lilNARY   COMPOUNDS  OF  AMMONIUM. 

If  this  amalgam  is  subjected  to  a  temperature  of  'S'2°,  it  orys- 
talizei  in  cubes,  and  its  decomposition  is  retarded 

Altliough  t!iia  compouni,  NHj,  wbicli  his  icceived  the  name 
(f  immoniura,  his  not  been  obtamed  in  a  sepirite  itite,  its 
bxifitence  in  combination  with  other  bodies  would  seem  to  bo 
established ,  and  aloo  its  peculiar  metallic  chiraoter  It  is  capable 
ol  rephcmg  potassium  and  sodium  m  combinatzon,  ind  is  there 
foip  Humorphous  with  them 

Ammonii,  NHj,  has  heretofore  (224)  been  descnboJ  It  has 
t  en  called  vdatile  aJJ-uh,  beoiuse  of  jls  reactions  with  ofher 
Bubstmoea,  and  eipecially  with  the  acidi,  btin^  the  aime  as  those 
of  the  other  -JLahei,  the  protoxides  of  potasaium,  sodium,  and 
lithium  We  introduce  the  subject  igam  fur  the  purpose  of 
d(,9[nbing  some  of  ita  more  impoitant  compounds,  which  we 
si  ill  do  aocordmg  to  this  otnmonium  Ihenry,  as  it  is  calLd, 
be  ause  it  affords  us,  in  the  present  state  of  our  knowledge,  the 
miit  Simple  TJid  luoid  view  ot  this  \m\  ortant  claaa  of  bodies  thit 
can  be  presented  Bat,  at  the  same  timi,,  it  shoul  1  ilwijs  bo 
kil-t  m  mind  that  the  existence  of  ammcnmm,  NH„  c\  en  in  com 
bination  with  other  aubstancei,  la  not  to  be  considered  as  fully 
dtlermined 


Binary  Compounds  of  Ammonium,. 

385.  Protoxide  of  Ammonium,  NH<0,  or  AmO. — As  is  the 
case  with  ammonium,  the  existence  of  this  compound  is  hypo- 
thetica.1.  But  all  the  ammonia  salts  of  oxygen  acids,  contain  an 
atom  of  water  in  their  composition,  which  appears  to  be  essential 
to  their  existence.  Thia  atom  of  water,  combined  with  the  am- 
monia, NHa,  forms  the  compound  in  question,  protoxide  of  ammo- 
nium, NH,0,  which  unites  with  the  acid  to  form  the  salt.  Thus, 
the  composition  of  nitrate  of  ammonia,  as  formerly  anpposed,  is 
NHj,KOs,HO,  which  evidently  is  the  same  as  MH^OjNOj,  except 
as  to  tho  mode  of  the  arrangement  of  the  particles. 

QuHSTiONS. — How  is  tliis  auialgani  affected  ty  a  eold  of  32°  ?    What  is 
savl  of  the  relation  of  ammonium  to  potasflium  ami  sodium  ?    Whj  has 
'l  been  oallcd  volatile  alkali?     SS5.  Wliat  ia  eaid  of  pratosida 
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As  ammouium  is  isomorplious  with  potassium  and  sodium,  so 
tlii?  compound  ia  igomorptous  with  potash  and  soda,  which  il  is 
capable  of  replacing  in  many  of  theiv  compounds. 

386.  Chloride  of  Ammonium,  NH,C1. — This  is  the  eompound 
often  called  sal-ammoniac,  and  hjdi'ochlorate  of  ammonia.  If  it 
be  considered  as  a  proper  hydroohlorate  of  ammonia,  its  formula 
of  course  will  be  NHs.HCl. 

It  may  be  obtained  by  neutralizing  carbonate  of  ammonia  by 
bydroohloric  acid ;  but  for  use  in  the  arts  it  is  procured  from  tho 
li'[uor  obtained  in  tbe  distillation  of  bones,  in  preparing  animal 
cksii^^tb  and  also  from  that  which  condenses  in  the  manufacture 
of  eos^aa.     The  latter  affords  it  in  large  quantities. 

Sal-ammowiac  is  a  white  solid,  very  tough,  and  difdoult  to 
pulveriae,  and  has  a  density  of  about  1-45.  It  has  a  pungent, 
hjline  ta&te,  and  is  very  soluble  in  wafer;  and  sublimes  without 
fusion  at  a  temperature  below  redness.  Triturated  with  recently- 
slaked  lime,  it  yields  ammonia,  which  is  easily  recognised  by  its 
pungent  odor.  It  is  used  for  various  purposes  Jn  the  arts  and  in 
modieine. 


Salts  of  Am 

38V.  Carbonates  of  Ammonia, — There  are  several  carbonates 
of  ammonia.  The  one  best  known  is  the  sal-volatile  of  the  shops, 
which  is  a  sesquicarhonate.  It  is  a  semi-transparent  solid,  which 
is  very  soluble  ia  water,  and  has  the  pungent  odor  of  ammonia. 
Its  compMition,  oa  the  "ammonium  theory,"  is  2NII,0,3C02; 
but  considered  without  reference  to  this  theory,  its  formula  is 
usually  written  2NH3,3C02+2HO.  By  long  exposure  to  the  air 
it  is  converied  into  a  bicarbonate,  ^11^0,2002  +  HO. 

Besides  these,  there  is  also  a  neutral  carbonate  of  ai 


Sulphate  of  Ammonia,  ^11^0,803.— Sulphate  of 
a  soluble  salt,  Jsomorphous  with  sulphate  of  potassa.     It  is  somc- 

QpESTioHS. — la  ainmomura  isomorplious  wiflj  potitssinin  and  aodimu! 
3B6.  What  ia  sal-ammoDiao  ?  How  is  it  oljtainad?  Describa  its  pro- 
pertiaa.  387.  What  carhonates  of  ammoma  are  mentioned!  Dcioriba 
sulphate  of  ai 
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or  rOTASII   AND   SODA — GLASS, 

Limes  found  ia  the  lava  of  voloanos,  and  may  be  formed  artificially 
hy  Baturating  aqua  ammoniK  or  solution  of  carbonate  of  ammonia 
with  suiphurio  acid.     It  is  sometimes  used  as  a  manure. 

Hitrate  of  Ammouiai  NHa,N06  4-  HO,  ov,  as  it  is  now  con- 
sidered,  mtrate  nf  oxide  of  ammonmm,  NH,0,NOs,  is  prepared 
bj  neutralizing  nitric  acid  with  ammonia,  or  its  carbonate.  It  ia 
a  white  salt,  very  soluble  in  water,  and  destitute  of  any  amuio- 
niacal  odor.     It  is  used  in  preparing  nitrous  oxide  (215). 

888.  PhDspliatB  of  Soda  and  Ammonia,  (NaO.NH^O.HOjPOj.— TMa  is 
the  compound  callod  rtiierocosiitic  saU,  and  much  used  a       "      '    '  ^ 
pipe  operations.     Ita  orystals  contain  8  eq.  of  water  o 
ivliioh  is  given  up  at  a  very  moderate  heat ;  and,  at  a  high  b 
both  the  basic  wiiter  and  ammonia  are  eipeUed,  and  the  veiynisiblo 
nietaphosphate  of  soda  only  remains. 

It  is  prepared  by  dissolving  in  2  parts  of  hot  water  6  or  7  parts  of  phos- 
phate of  soda,  and  then  adding  1  part  of  sal-ammoniac.  On  cooling,  the 
salt  in  qaeetion  crystalizes,  wUle  chloride  of  sodium  remnius  iu  selulioa. 

339  Hyttiosnlphate  of  Sulphide  of  Amino- 
miun,  NH,8,HS.— This  oompoimd,  it  irill  bo 
jhserved,  is  a  sulphur  salt  (345),  heing  oom- 
pised  of  two  sulphides,  sulphides  of  ammo- 
nium and  hydrogen.  It  is  prcpacad  by  paas- 
mg  a  ourrent  of  hydrosulphmic  acid  throngh 
iiiaa  ammoniie,  which  is  to  be  kept  oool 
durm^  tliB  operation.  Tlie  apparatus  repre- 
sented in  the  figure  >Till  answer  for  the 
pmpo'ie 

It  la  much  used  in  the  laboratory  as  a  test 
toi  several  of  the  metals. 


ystrij^ji 
very  "fusil 


&lhr, 


jf  Potash  and  Soda — Glass. 


390  fc  lioa,  or,  more  properly,  silicic  acid,  combines  at  high 
temperatures  witk  the  ilkalies  and  earths  apparently  in  indefinite 
pioportion,  producing  compoutids  which  at  very  high  temperatures 
are  more  or  less  liquid,  but  at  a  lower  heat  have  a  pasty  con- 
sistency, and  when  cold  are  hard,  uncrystaline,  and  more  or  less 

QnBSTiONS  —388  What  use  is  made  of  phosphate  of  soda,  and  am. 
in  mi  How  IS  it  piepaied?  389.  How  is  hjdrosulphate  of  sulphide 
)f  111  non  um prepared?  To  whatclassofsaltBdoeBit belong?  SOO.  XIow 
I  "liioi  made  to  nombioe  with  the  alkalies  and  cariha!  What  ia  said  of 
t  ic  ciinpouB  i'  jrodueed' 
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SILICATES   OF  POTASH   AND   aODA  —  GLASS.  ii'l.S 

transparent.  All  these  compounds  are  known  under  tlie  name 
of  glass. 

There  are  acvoral  kinds  of  glass,  all  of  whieh  are  double  Eili-- 
nates  of  potaasa  and  soda,  or  one  of  these  with  silicate  of  lime, 
lead,  magnesia,  baryta,  alumina  or  iron,  but  the  proportiona  are 
variable. 

Silicic  acid  has  no  action  upon  the  bases  at  ordinary  tempera- 
tures, but  it  readily  combines  witli  them  in  a  state  of  fusion,  or 
with  their  carbonates;  in  the  latter  case  of  course  expelling  the 
carbonic  acid. 

391.  When  silica  is  fused  with  2  or  3  times  its  own  weight 
oi'  carbonated  potash  or  soda,  a  compound  is  formed  which  is 
soluble  in  hot  water,  and  has  been  called  sohdh  glass,  or  liguor 
silicum.  The  solution,  when  applied  to  wood  and  other  com- 
bustiblo  Bubsiances,  soon  dries  and  forms  a  transparent  coating 
which  protects  them  from  the  air  and  renders  them  less  comliustible 
when  exposed  to  great  heat. 

If  the  proportions  arc  reversed,  and  2  parts  of  silica  and  1  part 
of  carbonate  of  potash  or  soda  are  used,  a  proper  glass  is  formed, 
which  is  quite  insoluble  in  water,  and  nearly  all  aeids. 

The  proportions  of  the  ingredients  in  the  different  varieties 
of  glass  are  exceedingly  variable,  hut  common  window,  or  crown 
t/lass,  is  always  a  mixture  of  silicate  of  potash  or  soda  and  lime. 

Cri/stal,  otfiint  glass,  is  a  silicate  of  potash  or  soda  and  oxide 
of  lead;  it  is  softer  than  other  kinds,  and  more  fusible  and 
dense,  and  therefore  bettor  adapted  for  optical  purposes.  When 
a  thread  of  it  is  heated  in  the  flame  of  a  lamp,  it  is  blackened  by 
the  reduction  of  the  oxide  of  lead. 

392.  £oJiewt{an  glass,  which  is  very  infusible,  contains  only 
silicate  of  potash  and  lime.  It  is  much  used  in  the  manufacture 
of  chemical  apparatus. 

The  finest  kinds  of  glass  aro  made  only  of  the  purest  materials ; 
hut  impure  materials,  containing  alumina  and  the  oxides  of  iron 
and  manganese,  answer  for  such  glass  as  that  of  which  green  houlfs 
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TUougli,  as  above  atated,  glass  is  oonaidered  insoluble  in  water  aod  Hio 
a«icls,  esoept  such  as  contain  fluorine  {2521,  jet  certain.  Tarieties  of  it  ai'e 
Eometimeis  attacked  'by  acids,  solutJona  of  ilie  allialiea,  or  of  their  cai'- 
^onatea,  and  eveo  bj  pure  wnfer,  espeoially  at  a  boiling  temperatnre. 
Glass  tlirut  liaa  been  fi  loDg  tame  buried  in  the  eoith,  is  sometimes  found 
with  a  peOiTly  incrustation  upon  its  auiface,  in  oonaequenoe  of  the  separa- 
tJoQ  of  ita  alkalies ;  and  is  sometimes  quite  sofc^  so  as  to  be  cut  with  a 
Imife. 

Ail  thasB  tlifferent  yarietiea  of  glass  have  a  density  varjiiig  from  2'4  to 
3'7,  but  glass  may  be  made  of  a  density  as  high  as  5-4, 

Enamel,  used  foi  varioQS  purposes,  and  especially  for  watch 
and  oIoLk  faces,  is  made  of  silica  and  potash,  oi  soda  and  osido 
of  lead,  and  recdeicd  opake  by  oxide  of  tin 

Colored  glass  la  made  by  adding  to  any  of  the  vaneties  metallic 
osido,  as  those  of  cobilt,  coppei,  minganese,  antimony,  gold,  S^f 
A  white  opako  glasn,  in  imitation  of  poiceUiQ,  is  made  b^  ^Idiag 
to  the  glaba  whun  in  fas  ion  arsemous  atid 

393    Manufacture  of  Glass  — The    raati-nals  for  gla«a  ire 
fitst  to  be  fused  together,  at  ■)  high  tempera tuie, 
1  in  such  a  mnnner  that  no  impuntics  from  the 
I  smoke  of  the  iie  or  othei  source  shdl  be  mixed 
with  It      This  IS  done  by  u»:irig  pots  made  or  iie 
clay  and  entirely  endofaeJ  witliin  the  wilh  oi  the 
fumaco,  except  the  proieetmg  mouth      The  fieure 
10  the  margin  lepreaenta  tho  seUnn  of  one,  with  its 
openiOn  or  mouth  towaids  the  left  hdnd      Usutlly 
Boveral  are  pliiced  m  a  ciicle  in  the  same  furnace,  ind  he'ited  by 


uW  1-  an  iron  tube  or  pipe,  fuur  or 
fi^  e  foct  in  1  'ngth , — one  end  of  this 
bunE;  dipped  into  the  melted  glairs, 
nhicli  h-vi  now  the  eonsistcnoy  cf 
sjft  wax,  a  portion  odheies  to  it,  and 
IS  remoyed  from  the  pot  As  its 
ifhape  IS  me^ular,  it  ii  fiist  rolkd 

itiiei  (hpo  figure),  to  giTe  it  a  o>hn 


.pil  instrument 


1  phte,  called  a 


QuESTiona. — Is  glass  entirely  insoluble  in  wiitcr  and  tlie 
what  is  enamel  made?  How  is  colored  glass  formed?  31 
briefly  the  modo  of  manufacturing  window  glass. 


cida  ?     Of 
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egUs 


drie^I  form  and  is  then  blown  into  a  pear  shape  (^s 
A)  by  for  1  g  air  th    u^'h  the  p  pe  from  tbe  1  ngs 

at  II  soft  to  pre\  nt  it  ftoin  ncl  □    „ 

o  le  d  reoti  u  or  mother  as  it  would  | 

.Yitably  jf  lield  at  11  for  a  moraeut  ib  | 

kept  eoQstaatlj  whirling,    by  rolling       ^  M 
;ho  ]  pe  in  tbe  bin  la      It  held  in  the         ,R 

tion  A  tbe  boli  w  miss  will  gn  (f  m 
dually  be  ome  el  ng  ted  inl  f  invert  1  Mm 
a  i  bell    n  the  po  tion  B  tbe  upper  guss ntiow ue 

pa  t  sinks    and  it  takes  tho  form  here 

«ce  — of  couise  in  any  particular  oase  tbe  worl  man  will  io 
gi  dod  m  tho  mode  of  ba,ndl  n^  by  a  rega  d  to  the  foim  wbicl  ho 
wiahes  to  gne  it  As  rapid  cooling  js  constantly  taking  place, 
tbe  glass  ba''  to  be  n,  heated  frequently,  which  is  done  by  holding 
it  in  a  heated  furnace  provided  for  tho  purpose. 

For  coinmon  window  glass,  tbe  mass  in  the  form  of  B,  being 
re-heated  to  soften  it,  is  held  by  the  rod  with  tbe  glass  down- 
ward, and  swung  biokward  and  forward  in  the  manner  of  a  pen- 
dulum, until  it  is  suflicieutly  elongated,  and  has  the  form  C; — 


by  this  time  it  bis  paitially  cooled,  and  by  holding  the  estvemo 
point  a  little  timo  in  the  furnace  it  is  softened  so  that  a  blast  of 
air  from  tbe  lungs  is  forced  through  it,  and  an  assistant  with 
shears  accurately  removes  the  lower  part,  giving  it  the  form  D. 
The  cylindrical  part  is  now  to  be  separated  from  tbe  rod  by  a 
section  around  the  upper  part,  as  shown  in  E,  and  subsequently  a 
longitudinal  fracture  is  made  in  the  hollow  cylinder  thus  obtained 
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through  its  whole  length;  and  it  now  only  remuus  to  opea  the 
cylinder  thus  prepared  in  order  to  reduce  it  to  a  peifeet  phne 
This'is  done  by  softening  it  in  a  proper  furnace  <ind  pieiiin^  ihe 
part  gently  with  an  iron  rod,  as  represented  in  tht  Iiguie 


394.  The  Miictjof  window  glass  called  c 
paied  in  a  difiirent  mode  Tbo  melted  mass  taken  fiom  the 
mdtin^  pot  IS  hist  blown  into  the  torm  of  a  ^lobi,,  and  then  in 
iron  rod  attached  to  it  on  the  aide  opposite  that  to  which  the  tube 
adheres,  and  the  tube  separated  bj  ■jpplying  a  little  cold  watii 
ThiR,  of  oouisa,  leases  an  opening,  which  beLOraea  enlaiged  by 
softening  in  the  heating  furnace,  and  giving  it  a  rapid  rotaij 
motion  by  mems  of  the  iron  rod  held  in  the  hand  By  heatin^ 
jt  spveral  times  in  this  way,  the  rapid  rotary  motion  being  con 
tinned,  the  glube  is  at  lenj,tli  opcni,d  oat,  and  be  imus  a  ciii,uHi 
dihL,  whii,h,  aftei  the  jropei  anni_aliug,  is  tut  into  panss  Ly  i 
diamond 

396  Many  article*  now  m'^de  of  ghss,  jre  blown  m  metiUic 
TOonld-i  piepaud  for  the  purpoie,  oi  are  pressed  between  two 
moulds,  one  of  which  shiita  into  fhp  otiiei,  so  aa  to  gnp  the 
proper  shape      This  is  cillei  ^i e'lsed  glass 

Plate  jla^'',  used  for  minors  and  for  hrge  windows,  is  pouied 
when  in  a  state  of  fusion,  upon  a  plane  surface,  and  a  icll  i 
p'isaed  npidly  over  if,  to  leduce  it  to  the  pioper  thicknesi  Ihe 
Buifdoes  are  then  giound  down  to  a  pcifeet  piano  by  inems  if 


— 314  Howiq  ciown  g!n  a  imimfachiie]'  "5u  ] 
mide  (f  iotimng  oitiale^  of  piei  e!  „lai  DLiCiibB  Uip  i 
ning  plates  for  murors 
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friction  with  sand  and  fine  emery,  and  tten  finely  poliahed  by 
friction  with  coicothar,  or  red  oxide  of  iron. 

Small  articles  of  glass  may  readily  he  made  of  glass  tube  before 
ft  blowpipe,  which  is  blown  by  a  bellows  worked  by  the  foot.  The 
best  fuel  to  be  uaed  is  burning  fluid,  consisting  of  four  parts  of 
strong  alcohol  and  one  part  of  camphenc ;  hut  oil  or  tallow  will 
answer.  A  very  little  experience  will  enable  one  to  band  even 
quite  large  glass  tubes,  and  to  perform  many  other  uporatiuna 
of  great  importance  in  the  laboratory. 

All  articles  made  of  glass,  if  suddenly  cooled,  are  esceedingly 
biittle,  and  liable  to  fracture  from  the  slightest  causes,  even 
trifling  changes  of  temperature.  They  are  therefore  annenhd  by 
placing  them  in  a  furnace  prepared  for  the  purpose,  and,  after 
becoming  quite  hot,  are  allowed  to  cool  very  slowly.  By  this 
means  such  a  change  is  produced  in  the  molecular  arrangement 
of  the  particles,  that  this  tendency  to  fracture  is  much  diminished. 

ArtioIeB  of  glass  that  have  not  been  annealed  sometimes  hreolt  in  a, 
Bingolar  majiner; — a  tnmbler  talf  fill  d  w  th  1  ]aid       (i  gin. 


I,  nUI  break  quite  around  at  th         f         f  th   ■> 
lieat  of  the  hand ;  or  a  thick  glass  t  b  r^  is 

through  its  whole  length  simply  by  b  mg  w  t      [ 
by  a  hnriJ  substance,  as  a  piece  of  w  0 

ond  laid  asida,  they  breai  spontan       ly 


I  y  th     bght 

1    gthwUspU 

lly  f         lyto    hd 

ly    ft     b      gh    [11  I 


398.  The  Bologna,  or  philosopher  inal  is  m  d  i  th  f  m 
f  d"  aay    ■  1  b  t  with  thiok        lea      d  y  thi  k 

b  tt  m,  d  Ml  t  nu  lied.  A  smart  bl  w  m  y  b  g  t 
t  hy     p  f  1    d  or  of  wood,  1     1        h  t   Ir  pp  d 

to  t  with  t  1  d  ing  any  eff  t  b  t  by  d  pp  g  to 
t      Bca  U      gul     1    oe  of  fliut,   t   Im    t  in         My  f  11 


1     thi 


th    f  llowing  0 


.   !  w  11  p 
th      « 


th 


P         R  p        J  cp    are  simply   h  p         te 
wh   h         m   I    by  allowing  the  gl      wh      m  Ited 
f   m  th        d    f         d  into  water   by  wh   h  th  y 
d  nly       led.     Th  y     e  perfectiy     1  d  b  t  wh      th 

\       b    k        ff   th    whole  mas    f  11    to  p  wd 
Blight      pi 

Que  —Why     e  all  article         1     f  gl 

What       1  k  1.        1      lie  effect  if  th   i  tt 

Ihe  Bologna  vial.     IVhat  s,n  Prince  Rupert's  diops  ? 
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Babicm  1  Metale,  the  protoxides  of  vihich  are  alkaline  earths. — These 
Strontium  |  latter  are  oaUed  bar^la,  sironiia,  lime,  and  moffitesia.  They 
Cai.cjcu  I  possess  the  same  propei'tiee  whioh  oharacterize  Ihe  alksr 
MAeKEaiuiuJ  lies,  but  in  less  degree. 


St/mbolj'Ba.;  Equivalent^  Q%-^ ',  D<.nmti/, — ? 

397.  History,  Etc.— This  metal  is  procured  bj  p??  ng  Tapor 
of  potassium  over  baryta  (oxide  of  barium)  at  a  red  iieit  oi  by 
piissing  the  galvanic  current  through  hydrate  of  baryta  in  contact 
with,  meroury,  the  latter  forming  the  negative  elcotiode  of  the 
battery.  The  amalgam  thus  obtained  is  oaiefully  heated  in  a 
glass  tube  through  which  a  current  of  dry  hjdrogen  is  constintly 
passing,  and  the  mercury  expelled.  The  baiium  will  be  left  la 
small  globules.  It  has  tho  color  and  lustre  of  '■ilver,  in  1  melts 
at  a  red  heat,  but  is  not  easily  volatilized.  In  the  -m  it  is  rapilly 
osydized,  and  when  heated  burns  with  a  red  flame.  It  is  also 
rapidly  oxydized  when  thrown  into  water.  Its  name  is  from  the 
Greek  hamst  heavy ;  its  compounds  ■  generally  possessing  this 
characteristic  property. 


Binary  Compounds  of  Barium. 

398.  Protoxide  of  Barium,  BaO ;  cq.,  (68-5  +  8  =)  74-5. — 
This  compound  has  been  known  many  years  aa  hari/tes  or  hmyia. 
It  may  ho  obtained  by  decomposing  nitrate  of  baryta  "hy  heat, 
which  is  beat  done  hy  using  an  earthern  retort  in  a  furnace  (as 
represented  in  the  figure  on  next  page),  and  applying  the  heat  as 
long  as  gaseous  matter  is  evolved.  ■ 

QmiSTiOBe. — What  metals  are  included  in  the  second  gi'onp?  What 
do  Hieir  protosidea  form  I  Do  these  eartiiB  possess  alhaline  properties  ? 
897.  How  Ss  iDnrium  prooored?  How  is  tlie  metal  aifeoted  in  the  air? 
From  wbat  oiTcumstanoe  or  property  ia  the  name  derived !  898.  Hew 
may  the  alkaline  earth,  baryta,  be  ol'  '     ■" " 
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Baryta  is  a  gray  powder,  which 
slakes  .like  lime  wken  water  is  poured 
upon  it,  and  becomes  very  hot.  It 
dissolves  readily  in  water,  hut  ia 
soluble  than  pota'ih  or  soda — a  pio 
perty  by  which  the  alkiline  eajtht 
are  distinguishfd  from  the  ilkolies 
It  is  very  caustic  to  thp  taste  and 
affoctg  vcge  ible  coloia  m  the 
ma.iiner  as  the    Ik  lies 

Peroxide  of  Barium,  BaOj. — This 
oside  may  be  formed  by  passing  a  cur- 
rent of  dry  oxygen  gas  over  baryta,  at 
a  low  red  heat;  or  by  simply  heating 
baryta  in  au  atmosphere  of  oxygen, 
pose  of  preparing  peroxide  of  hydrogc    (  0  ) 

Chloride  of  Barium,  BaCl;  eq.,  (68-5  +  35-4  =)  103-9.— 
ThjB  compound  is  formed  by  dissolving  the  native  carbonate  of 
biryta  in  diluted  hydroohlorie  acid,  and  by  other  modes.  It 
orjstahzes  in  white  scales,  which  contain  two  atoms  of  water. 
It  is  vei)  siluble  in  water,  and  is  much  used  as  a  test  for  aul- 
phmio  acid,  with  which  baryta  forms  an  insoluble  sulphate 


the  pur- 


Salls  of  Baryta. 

399.  Carbonate  of  Baryta,  BaO,C02,  is  found  native,  and 
Balled  witlicrite  by  mineralogists.  From  it  all  tho  other  salts 
of  baryta  may  be  prepared. 

Sulpliate  of  Baryta,  BaOjSOs- — Sulphate  of  baryta  is  found 
abundantly  in  various  places,  often  in  beautiful  crystals.  It  has 
a  density  of  about  4-4,  and  is  insoluble  in  water.     When  pow- 


QcBBTTOHS. — Tlescribo  the  propei'tiaa  of  Tjirjtii.  Desoi'ilje  the  mode 
of  preparing  peroside  of  barium.  How  ia  clilovirta  of  barium  formed? 
Fop-what-pnrpose  isit  useii?  399,  Is  cnrlionatB  of  bliryta  found  nativol 
What  ia  said  of  the  occurrcuce  of  native  sulphate  of  bai^ta  ? 


H.,t.db,  Google 


330         BINARY    COMPOUNDS    OF    STKONTIUM. 

dered  and  mixed  with  charcoal,  and  heafed  intensely,  it  la  con- 
verted into  sulphile  of  barjum,  from  wliioh  the  other  salts  of 
baiyta  may  be  prcpired,  as  fiom  tte  native  carbonate  By 
miaerilogiata,  it  is  called  lieaey  ipar,  because  of  its  ^rcat  weight 
Ctrjund  to  a  fine  powder,  it  is  u-^ed  as  a  substitute  for  white  lead, 
either  alone  or  mixed  with  white  lead  All  tbe  &oIuble  com 
pounds  of  baryta  are  poisonous 

Hltrate  of  Baryta,  EaONOj  —  Th  s  salt  of  birvta  la  prepared  by 
diftP'^tii  g  tbe  native  tarljonnte  tr  thu  sulpliido  obtained  aa  jn^t  de- 
aiiibo  i  in  nitr  c  ac  d      It^  only  u^e  is  in  eeitain  ohsimt.aI  anah  aen,  and 


STRONTIUM. 

Symlol,  Sr;  Equivalent,  44;   Density,  —  1 

400.  History,  Etc,  —  Strontium  is  obtained  from  its  osidc, 
strontia,  in  the  same  manner  as  barium ;  and  in  its  appearance 
it  is  said  very  much  to  resemble  that  metal.  Lite  barium,  also, 
it  decomposes  water  with  the  evolution  of  hydrogen,  and  oxydizea 
rapidly  in  the  open  air.  It  receives  its  name  from  Strontian,  a 
village  in  Scotland,  near  which  it  was  first  obtained. 


Binvy  C  mpmndi,  rf  StJovtn  m 

40L  Protoxide  of  Strontnim,  SrO,  eq ,  (44  4-  8  =)  52  — 
This  compound,  which  is  the  earth  stiontia,  is  formed  Ij  the 
csjdation  of  stiontium  It  is  prepared  also  by  heatmg  the 
nitrate  of  strontii  to  redness,  by  which  the  leid  is  espelled  It 
much  leaemblcs  baiyta,  seeming  to  sustain  much  the  same  rela- 
tion to  it  thit  aodd  sustains  to  potash 


Qdestiobs. — How  is  sulphate  of  barjia  affected  vilieii  heated  witi 
oharconl?  "What  is  it  called  by  minernlogisfs?  For  wtat  purpose  is  it 
UBod?  How  is  nitrate  of  baryta  formed?  400.  Give  the  Hstory,  &o,, 
of  strontium 7  From  wbat  ia  the  name  derived?  401.  How  is  the  alka- 
line earth,  sti'ontia,  procured!     Wbat  ia  said  of  its  relation  to  baiyta! 
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Solphato  of  Strontia,  Si'O.SOa. 
edealaie.      Treated  in  the  saine  n 


mtrate  of  S 
bonate  in  dili     ■ 
sulphate  of  b 
tiful  red  cola 
pnrts  of  this 
phide  of  antim 
Elab,  in  s,  dnrk 
dried  before  m 
Btrontia 


j^oiitia  may  be  prepared  iiom  it. 

p  by  dissolving  (he  native  oar- 

m    h    sulphide,  as  described  under 

in  fire-wovlis,  to  give  a  beou- 

h  w  thia  red  fire,  mix  intimately  iO 

5         b  orate  of  potash,  and  4  of  buI- 

m  upon  a  dry  brick,  or  marble 

ns  water,  and  should  be  well 

h        g    dienta.     All  the  compounds  of 

0  flame  in  wMoli  tliej  are  heated. 


Syrnbol,  Ca;  Eqidvolent,  20;  Density,  —  ? 

403.  History,  Eta — Calcium  is  the  metallic  base  of  lime,  from 
which  it  has  been  obtaiocd,  but  only  ia  very  small  quantity.  The 
procoaa  ia  precisely  the  same  as  that  given  above  for  obtaining 
barium  from  baryta.  It  is  said  to  be  of  a  brilliant  white  color, 
and  rapidly  oxydizes  in  the  air.  Little  is  known  of  its  other 
properties. 

Binary  Ootnpounds  of  Calcium. 

404.  Protoxide  of  Calcium— lime,  CaO;  eq-,  (20  +  8  =)  28. 
—  This  compound,  commonly  known  by  the  name  of  lime  and 
quiddime,  ia  obtained  by  exposing  carbonate  of  lime  to  a  strong 

QuisTfoMS. — 102.  What  is  the  mineralogical  name  for  carbonate  of 
Btrontia  1  Siilphats  of  atrontia  ?  How  is  nitrat*  of  strantia  proparetl  t 
Whatuseismadeofit?  403.  Give  the  history,  &o.,  of  oaleium.  404.  What 
is  the  common  name  for  protoxide  of  calcium  ?  How  is  it  prepared  ft'om 
the  native  carbonnto  ? 
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rod  heat,  SO  as  to  ezpe!  its  eaibomc  acid  If  lime  of  great  panty 
IS  leqmred,  it  should  be  prepared  fiom  pure  carbonate  of  lime, 
siicb  as  Icehnd  spar,  or  Cairiri  mirble,  bat  to  obtain  lime  for 
oidmary  purposesj  common  limestone  is  used 

—  -  '-.-  Tbo   oalcmition   of   the   carbonate, 

to  procure  lime  for  oommoa  purposes, 

n  effected  in  kilns,  oi  pits,  wbich  are 

'  usually  oonsttuoted  of  stone,  upon  a 

,  hill  oide,  so  that  tho  limestone  mij  be 

'  '  -  cooyeniently   intrnduced   at   the    top, 

'*    '  ,  ""         and   the    lime,    after  calcination,   re- 

•*^  '  moved  ftom  the  opening  at  the  bot- 

"nJ  -  tom      Wood  IS   lery  geneially   used 

if\'    ji'"**      *  for  the  fuel,  but  bituminous  coal  may 

',^       '  be   substituted   fcr  it,  the   pieces  of 

'  limcbtone  being  jihced    ho    that   the 

j  flimes   pass   thioxigh  it      When  the 

tiloinatinn  is  finished,  of  whicli  the 

espeiienced  630  ein  ei-ily  judge,  the  fire  is  estingunhed,  and 

the  hme,  when  cold,  removed      The  cdciniliou  of  a  Jaige  ida 

usually  require  five  or  sis  dajs 

Sometimes  the  calcinition  is  earned  on  in  perpetual  kilns,  as 
ihey  are  called  The  limestone  is  then  intiodui-Bd  in  succehsiyo 
In  us,  with  layers  nf  coal  between  them ,  and  the  fire,  once  km- 
dird,  IS  continned  for  an  indefinite  time,  layei  iftcr  layer  of  the 
coal  being  consumed,  and  the  lime,  after  calcination,  being 
tomoved  from  below  As  the  mass  settles  down  m  Ihe  kiln, 
new  layers  of  limestone  and  coal  are  intioduced  at  the  top 

Lime  IS  a  brittle,  white,  eaithy  solid,  the  speeiflo  giivity  of 
which  IS  about  2  3  It  phosphorehces  powerfully  when  heated  to 
full  ledness,  and  hence  it-'  use  in  the  Drummond  light  (201)  It 
is  one  of  the  most  infusible  bodies  known ,  fu&iiig  with  difficulty 
even  by  the  heat  of  the  osyhydrogen  blowpipe. 

Exposed  to  the  air,  it  graduaUy  absorbs  carbonic  aeid,  and 
cmmblea  to  powder.     It  has  also  a  powerful  affinity  for  water, 

QijBBTioBS. — How  is  the  aaloioation  usunllj  e£fectod?  Dosci'ibe  tha 
mode  of  oaloiiiiug  lime  iiy  ike  vise  of  coal  for  fuel.  Describe  the  pro- 
perlJcs  of  lime. 
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which  is  absorbed  iustantly  oq  being  poured  upon  it ;  and  Lho 
corabiaatioa  is  attended  with  great  increase  of  temperature,  and 
formation  of  a  white  bulky  hydrate.  The  process  of  slaking  lime 
oonsists  in  forming  this  hydrate,  and  the  hydrate  itself  is  called 
slaked  lime.  It  differs  from  the  hydrates  of  strontia  and  baryta, 
in  parting  with  its  water  at  a  red  heat.  Recently-slated  limo 
dissolves  sparingly  in  water,  and  has  this  singular  property,  that 
it  is  more  soluble  In  cold  than  in  hot  water.  The  solution  has  a 
caustic,  acrid  taste,  and  acls  upon  vegetable  colors  like  the  alka- 
lies. Exposed  to  the  air,  it  absorbs  carbonic  acid;  and  if  agi- 
tated, becomes  milky,  from  the  formation  of  insoluble  carbonate 
of  lime. 

Mortar,  for  building,  is  prepared  by  raizing  sand  with  recently- 
slaked  lime.  It  beoomea  very  hard  by  exposure  to  the  air,  in 
eonsequenco  of  the  absorption  of  carbonic  acid  by  the  lime. 
Combination  seems  also  to  take  place,  to  some  esteiit,  between 
the  silica  of  the  sand  and  the  lime.  "When  the  limestone  from 
which  the  lime  is  made  contains  a  considerable  portion  of  silica, 
alumina,  &c.,  it  constitutes  hydraulio  c&nenl,  or  ■water-lime. 
Mortar  prepared  from  this,  has  the  property  of  becoming  hard 
under  water,  which  is  not  the  ease  with  that  prepared  from 
pore  lime. 

405.  Chloride  of  Caloium,  CaCl. — This  compound  is  formccl  by  dis- 
eolring  carbonate  of  lima  in  hydrochloric  acid.  It  is  much  used  in  tlie 
operations  of  the  laboratory,  especially  for  remoying  moialtire  from 
gases,  whioh  it  ^ecls  readily  in  oonsequence  of  its  great  affinitj  for 
water.     It  is  oft«n  called  muriate  of  lime. 

Fluortde  of  Calcium,  CaP,  is  tie/uor 
ralogists.  It  is  of  graat  use  to  the  ohen 
of  the  element  fluoriue. 


406.  Carbonate  of  Lime,  CaCCOi,.— This  is  one  of  the  most 
abundant  mineral  produations  known ;  it  is  found  ia  every  country 

QuBSTiONS. — In  what  consists  the  slaking  of  lime  ?  Is  lime  soluble  in 
water?  Mow  is  mortar  preparedl  What  is  hydraulic  oement,  or  water- 
lirno?  405.  How  is  chloride' of  oaloliini  prepared?  What  use  is  mode 
of  it?     406.  What  varieties  of  earhouate  of  lime  are  moniJoned? 
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as  hmctonf,  clialL,  Iceland  spar,  mnVle  Sia      I 

by  heat,  ind  furnishes  the  quiJUimi-  nseJ  in  prepiiing  □ 

The  heiwtiful  stalactites,  freqaentlj  seen  susponded  horn  the 
roofs  of  eaverni,  are  formed  of  this  compound  Though  msoluhla 
in  pure  water,  it  is  slightly  soluhle  la  watei  containing  an  esLe-^s 
of  csihiynio  loid  Water  permeafiog  the  eoil  ihove  the  caverns, 
first  booomes  chirked  with  earbunio  aoid,  tnd  afterwards  takes  up 
a  httle  caibonati,  ot  lime,  whi:,li  is  again  deposited  as  tha  watei, 
drop  nftei  drop,  hings  suapcnded  for  t  time  from  the  roof  Tbis 
IB  oi't.isioncd  paitly  fiom  the  evapontion  ot  the  Water,  and  partly 
hy  the  e&cape  ot  the  arbouic  acid,  whtn  the  watei  bueomes 
esposLd  to  the  fiee  air  of  the  cavern  As  %  pjition  qf  the  witer 
fills  to  the  bottom  of  the  cavern,  corresponding  depo';it&  of  car 
boaite  of  lime  sailed  •iUtlagmties  aie  foiined  upon  the  flooi,  and 
giadually  build  themselves  upwaid  Sometimes  a  stalactite  from 
the  loof  IS  foiraed  downwiid  until  it  iciLhc  fhe  c  irt^ionding 
Btalagmite  fiom  below,  wL  u  t  ii  i     t  d,  fsim 


a  column  or  f  liar  is  shown  it  the  left  in  the  figi  e  wh  ol  is 
from  Ivnapp  a  Chemical  Technology. 

407.  Sulphate  of  Lime,  CaO,SOa  +  2H0.— This  compound  is 
well  known  &&  gypmm,  and  planter  of  Paris.     Pure,  crystalized 

QuBSTiONS. — How  are  atalaetites  in  cavema  formed  t  Wliut  arc  Uia 
eorresponiJiiig  deposita  nu  tho  floor  of  the  Cavern  called?  i07.  What 
tarietioB  of  sulphate  of  lime  are  moutioneil  t 
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(  sometimes  called  selenite,  and  compact  varieties, 
alabaster.  Common  gypsum  oontama  considerable  water,  wWoli 
may  lie  expelled  by  heat;  but  there  is  a  variety  destitute  of  mater, 
called  anJiydrite  by  mineralogists.  When  powdered  gypsum,  tlie 
water  of  which  has  been  expelled  by  a  moderate  heat,  is  again 
made  into  a  paste  with  water,  it  soon  becomes  hard,  or  "sets," 
as  the  workmen  say; — a  property  which  adapts  it  admirably  for 
many  purposes  in  the  arts.  In  stereotyping,  a  coat  of  this  paste  is 
spread  c^efuljy  over  a  page  of  type,  set  in  the  oidinary  manni-r, 
which,  soon  becoming  hiid,  is  rcmoi  ed,  and  a  ca&t  m  common  type 
metal  taken  from,  it  This,  after  certain  pteparationa,  and  the 
emendation  of  any  broken  letters  that  may  bo  found,  oon^titutLS 
a  stereotype  plate,  used  in  pnnting 

In  3.  yeiy  similni  manner  it  is  u'ii  I  lui  piepftriu^  husli  ot  lump;  per 
Bona     TliB  procesB  i'  oonduotcd  n  i       i  I  1 1 1         i  j  a "  I 

by  removing  the  olotlung  from  1 1 
neek    and   stonlderB,    coaiing    I' 

hull   inih  paste,   and   applying  i  ' 

little  oil  or  soip  to  the  port  wU     i  I 

ifl  to  be  ooveieil  by  the  plaster      II  '  '  ^ 

than  plnoesi  himself  on  hia  buil 
a  table,  his  head  baing  sapp  >i  r  i 
about  an  inch  above  the  fable  h 
small  block  ot  wood,  and  smiounde  I 
on  three  sides  by  a  bos  prepaied  lui 
the  purpose,  aa  represent*!  in  the 
figure.  The  operator,  havmg  hia 
caicinad  plaster  properly  mised  with 
water,  ponrs  a  porljon  of  it  into  the 
box,  so  that  it  may  fill  up  the  space 
nnder  the  head ;  and  eontinues  to 
mil  small  portjons  at  a,  time,  and 
add  it  to  tie  mass,  until  the  whole 

head  and  face  are  inoloaed,  except  a  small  opening  at  t!ie  nosti'ils.  The 
whole  soon  becomes  hard,  attended  by  a  considerable  elevation  of  tem- 
perature, but  not  so  mnch  as  to  be  micomfoi'tahle  to  the  snbject  of  tlio 
operation. 

In  order  ta  remove  this  plaster  inolosnre,  the  operator  has  taken  the 
preoautioii,  before  applying  the  plaster,  to  draw  aroimd  tlie  head  two 
pieces  of  thread  or  twine,  one  so  that  it  shall  come  jnst  below  the  ears, 
as  the  person  lies  upon  the  table,  and  the  other  just  above  them,  bring- 
ing the  ends  of  both  around  under  the  ohm;  and  just  as  the  plaster  is 
abont  to  set,  taking  one  of  these  threaiJs  by  the  two  ends,  he  pulls  it  out 
laterally  so  as  to  divide  the  mass  into  two  parte,  as  if  out  with  a  knife. 

QuesTiONS. — What  is  the  efi'eot  when  powdered  gypsnm  is  esposed  io  a 
moderate  heat!  What  now  is  the  effect  when  it  is  mixeS  with  water? 
Describe,  the  mode  of  forming  plaster  busts  of  living  pevsnn.-f. 
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Whon  the  Beoond  thread  has  been  drawn  ont  in  ttis  way,  t!i6  plaster 
inolosure  of  tho  face  and  head  will  of  course  be  diTided  into  three  parts, 
the  uppor  part  covariag  the  face,  and  boneati  thia  a  ring  covering  the 
ears,  and  below  (bis  i^e  thii'd  part  ooTering  the  back  of  the  hend  and 
neei.  Tho  part  coyering  the  fiwie  is  now  to  be  careftilly  removed,  wMeh 
may  be  done  without  diffienlty ;  bnt  the  Beoond  piece  which  incloses  flie 
ears,  will  have  to  be  divided  below  the  ohin  a^d  at  the  top  of  the  head, 
and  removed  in  two  pieces.  Tbis  being  done,  the  sabjeot  of  the  opera- 
tion is  again  at  liberty  to  remove  bimEelf  from  the  table,  leaving  the 
Temainiug  piece  in  its  place. 

The  four  pieces  being  brought  together,  ea«h  in  its  proper  place,  it  is 
ivident  that  the  operator  has  a  perfect  model  or  mould  of  the  head  and 
ill  the  features  of  the  face,  from  wMch  the  bust  is  to  be  prepared ;  but  a 
(urtier  description  of  this  part  of  the  process  will  not  be  oeeded. 

If  a  part  of  the  breast  is  to  be  included  with  the  bust,  tbe  arrangements 
must  of  course  be  made  accordingly,  in  preparing  the  mould.  Tlie  opera- 
tion reyuires  some  labor,  but  is  less  disagreeable  to  the  subject  tban  might 
be  supposed  before  maMng  tho  trial. 

Sulptate  of  lime  is  extensively  used  as  &  manurQ  in  many 
!,  witli  excellent  effect.     It  is  sliglitly  soluble  in  water, 


and  is  often  found  in  well  and  spring  water,  and  gives  it  the 
property  called  hardness. 

Phosphates  of  Lime. — There  are  several  of  tiiese  salts.  One  variety  is 
found  native,  and  is  called  apiUite;  it  is  an  essential  ingredient  of  all 
fertile  soils,  and  is  conttdned  in  all  varieties  of  grtun  used  for  bread.  It 
also  constd-tutes  the  chief  pai't  of  the  solid  matter  of  the  bones  of  animals. 

408.  Hypochlorite  of  Lime,  CaO.ClO. — This  is  the  well-known 
chloride  of  lime,  bhacliiny-powder,  or  hleacMng-saU  of  corameroe. 
It  is  formed  by  passing  a  current  of  chlorine  throngh  reoently- 
slaked  lime.  It  is  a  white  powder,  and  emits  a  faint  odor  of 
chlorine.  Great  use  is  made  of  it  in  bleaching  (229),  For  thia 
piirpoae  it  is  dissolved  in  water,  and  the  articles  to  be  bleached 
soaked  in  the  solution,  and  then  dipped  in  very  dilute  acid.  The 
chlorine  which  is  thus  liberated  produces  the  bleaching  effect. 
The  process  is  usually  several  times  repeated.  It  is  also  used  as 
a  disinfecting  agent,  the  chlorine,  as  it  is  gradually  liberated, 
having  the  property  of  destroying  deleterious  gases  present  in  tha  , 


The  commercial  value  of  bleaobing-aalt  depends  entirely  npon  tho 
qaantity  of  chlorine  it  is  capable  of  evolving  when  nsed,  and  is  usually 
determined  by  the  quantity  of  indigo  a  given  weight  of  it  will  bleaoh. 
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Tests  of  Lime. — Tho  propor  tebC  for  lime  is  osalic  acid,  whicli 
forma  with  it,  in  solutioDj  an  insoluble  wbite  precipitate.  Oxalate 
of  ammonia  13  generally  used.  A  salt  of  lime  dissolved  in  alcohol 
gives  to  the  flame  a  red  color,  very  similar  to  tliat  eonimu.nic:itcd 
by  strontia  (402),  but  of  a  slightly  different  tint. 


MAGXESIOM. 

St/mhol,  Mg;  Equivalent,  12j  Densili/,  1-87 

409.  History,  Etc. — Magnesium  ia  obtained  from  its  chloride 
by  passing  vapor  of  sodium  or  potassium  OTer  it  when  heated  to 
redness  in  a  glass  tube;  the  alkaline  chloride  formed,  and  any 
I  chloride  of  magnesium  which  may  aemain,  are 
i  out  with  cold  water,  aad  the  metallic  magnesium  subsides. 
It  is  a  white  metal,  of  considerable  brilliancy,  and  quite  malle- 
able. Heated  in  the  open  air,  it  readily  takes  fire,  and  burns 
with  a,  biilliant  flaine,  producing  the  protoxide  of  tbe  luetal.  It 
is  rapidly  osydized  by  boiling,  but  not  by  cold  water. 


Binai'y  Compounds  of  Mcffuesium. 

410.  Protoxide  of  Magnesium— Magnesia,  MgO. — Magnesia 
is  best  obtained  by  heating  the  carbonate  to  redness,  by  which  the 
carbonio  acid  ia  expelled.  It  may  also  be  prepared  by  decora- 
posing  nitrate  of  magnesia  by  beat.  It  ia  a  soft,  white  powder, 
and  is  usually  sold  under  the  name  of  ca/drted  magnesia.  It  ia 
very  slightly  soluble  in  water,  requiring  for  this  purpose  5000 
or  6000  times  its  own  weight  of  water.  Hydrate  of  magnesia, 
MgOjHO,  is  found  native  at  Hoboken,  New  Jersey,  and  other 
places.  Magnesia  is  very  infusible,  and  coraroucicates  this  pro- 
perty to  minerals  in  which  it  predominates,  as  talc  and  soapslone. 

Magnesia  ia  extensively  used  in  medicine  aa  an  antiaoid.     In 

Qtebtiors. — What  testa  of  lime  are  mentioned  ?  409.  How  is  raagne- 
^um  obtained  ?  "What  is  said  of  tlie  mebil  ?  410.  Describe  the  pro  tuxide 
of  miigaeaiiini,     Wiiat  use  is  made  of  raagnesin  ? 
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the  Gfiite  of  hydrate  it  is  soid  to  bo  a  good  remedy  in  cases  of 
poisoaicg  with  arsenic. 

Ohloride  ot  Ktagnorium,  MgCl. — Chloride  of  mBgoeBium,  whic!i,  aa  wa 
Lave  jnat  seen,  is  laada  nse  of  to  obtain  the  metal,  is  best  procnred  by 
diBBol-ving  magnesia  in  tydroohloric  acid,  and  aMmg  to  the  soliition  an 
exoaas  of  Kal-ammomao ;  and,  after  Bspelling  the  water,  heating  the 
residue  in  a  platinum  omoiMe,  by  which  meEuis  the  Bal-aiiiraoniao  used 
will  be  driven  off,  Witiiout  the  sal-ammoniac,  the  chloride  of  magne- 
sium would  ba  deoompoBed  by  tlie  heat  required  to  expel  the  water. 


SaJts  of  Magnesia. 

411.  Carhonate  of  STagnesia,  MgO,COi,.— Carbonate  of  mag- 
nesia ia  found  native,  in  the  magnesife  of  mineralogists,  and  may 
also  he  formed  fcom  the  native  sulphate  hy  precipitation  with  an 
alkaline  carbonate.  It  is  nearly  insoluble  in  pure  water,  but  dis- 
Bolvea  in  water  impregnated  with  carbonic  acid,  forming  tlie  liquid 
magnesia  of  the  shojw.  When  obtained  by  precipitation  with  an 
alkaline  carbonate,  it  alwiiya  contains  a  portion  of  hydrate  of  mag- 
nesia, and  JB  usually  seen  in  beautiful  square  blocks,  which  are 
remarkable  for  their  lightneBs. 

It  is  estensiTely  used  in  the  practice  of  medicine. 

Sulphate  of  Ma|:nesia,  MgO,S03. — This  is  tbe  well-known 
Epsom  salt,  used  in  medicine.  It  ia  not  nnfrequently  found  in 
the  waters  of  mineral  sprinijs,  as  at  Epsom,  in  England,  and  may 
readily  be  formed  by  dissolving  magnesia,  or  its  carbonate,  in 
sulphuric  acid,  and  by  the  action  of  this  acid-  upon  the  mineral 
called  dolomite,  which  is  a  double  carbonate  of  magnesia  and 
lime.     Its  crystals  contain  7  eq.  of  water  of  crystaliaation. 

It  is  very  soluble,  aad  has  a  bitter,  saline  taste.  It  may  readily 
be  distinguished  from  snjphate  of  soda  by  the  form  of  its  crjstaia, 
or  by  pouring  into  a  solution  of  it  some  caustic  potassa,  which  will 
cause  a  white  precipitate.  In  sulphate  of  soda,  no  precipitate  will 
be  formed. 

Questions.. — Dcsoribe  the  mode  of  preparing  chloride  of  magneBinm, 
4U.  Descrihe  the  oai-bonate  of  magnesia.  What  is  the  oommoa  nuirte 
of  Bulphato  of  BiagneBia?  Wliero  is  it  sometimes  found  !  Jlow  ma.j  it 
ba  distinauisheci  from  sulphate  of  soda  ? 
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SiUcaUa  of  Mnguesia,  of  wliioU  there  are  sevei'al,  abonud  in  nutui'o. 
especially  in  the  talooae  and  eacpontine  rooks. 

There  ia  no  specific  test  of  magneaia,  but  it  is  distingiiiehod  from  other 
mi  balances  by  diSereiit  testa ;  and  from  most  of  its  soluble  Raits  phosphate 
of  soda,  with  ammonia,  sepai-ates  a  white  precipitate,  ivhLch  is  a  double 
phosphate  of  magnesia 


Melals,  lite  protoxidea  or  sesquioxides  of  mliich  arc  earths, — 
Tha  oxidaa  of  theaa  metals,  whiob  conatituta  the  eni-ths,  nro 
called  alumiaa,  glvcim,  iircoma,  thoHna,  yltria,  &o.  They 
ace  distingniBhed  from  both  the  alkalios  and  alkaline  eariha 
by  being  quite  insoluble  iu  watoi',  and,  of  course,  destitute 
of  any  alkaline  reaoUon.  Tliey,  howevci',  combine  readiiy 
with,  and  neutridije  the  moat  powerful  acids. 


CliHIDM 


Si/mhuJ,  A!,  EjuioaJenf,  13  7,  Dpii  iVy,  37. 

412  Hwtory,  Etc — The  metal  iluminuin  is  obtained  by  de 
composing  cliloiidc  ot  aluiumum  bj  the  action  of  sodium  or 
j  otisaium,  in  the  sirae  m  inner  as  mignesmm  is  prepared  from 
itH  chioiido  It  IS  found,  after  the  proLess,  m  small  globules, 
\  Inch  mij  be  bi ought  inti  a  single  miss  by  meltmg  it  a  a  clo  o 
crucible,  or  uodei  clry  chloride  of  Bodium  Instead  of  cblor  ie 
ot  aliimiaum,  the  mineral  oilled  ci  i/ohle,  which  lo  a  d  bli- 
fluoride  of  aluminum  and  '(odium,  mity  be  used  in  its  p  epa    t 

Aluminum  h  veiy  nialli,iHe,  ind  his  the  bull  a  t  lu  t  e  ul 
white  color  of  silver  It  is  not  osydiBcd  m  the  atmo  jh  e  t 
oidmary  tempeiatures,  but  buroi  brilliantly  when  h  ated  to  r  d 
ncsa  Cold  water  does  not  affect  it  A  *mill  p  ece  t!  it  1  ad 
been  rolled  mas  found  to  have  a  density  of  3  7,  as  g  ven  abov 

The  name  of  tins  metal  alumiimm  ii  derived  from  alum,  a  double  euI- 
phate  of  alumina  and  puta  s  from  which  iJie  earUi  is  Tery  readily 
obtained. 


Question  a.— What  met  U  1  eloi  g  In 

GioupIIL?     How  aro  thoy  cha- 

raoteii^od?    -412.   How  is  moMlit  al 

mmim  proparod  !    What  native 

mineral  niiiy  be  used  for  the  i  uipose  u 

laioid  of  the  chloride  ?    Iiescribe 

the  matal. 
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11 Y    00. M  POUNDS    or    ALUMINUW 


ISi'imi'2/  Compounds  of  Ah 

413.  Sesciuioxide  of  Almniimm,  AljOj.  —  This  is  the  caitt 
alumina,  and  ia  one  of  the  most  abundant  of  nature's  pro- 
duotioDs,  Like  silica,  it  is  found  in  every  soil,  and  in  almost 
all  rocks  upon  the  face  of  the  earth.  Crystalized,  it  forms  the 
rtibi/  and  the  sa^iphire,  two  of  tho  most  valuable  gems.  Emery, 
also,  so  much  used  ia  the  arts,  is  chiefly  composed  of  this  earth. 
It  forms  a  large  part  of  clay,  and  gives  to  it  its  tenacious  character, 
fitting  it  for  the  use  of  the  potter. 

Pure  alumina  is  a  white  powder,  without  taste  or  smell.  It  is 
easily  prepared  by  pouring  solution  of  caustio  potash  into  a  solu- 
tion of  alum,  and  washing  and  heatiag  the  soft  mass  that  is 
precipitated.  It  conti-acts  much  in  drying,  and  the  dried  mass 
adheres  tenscionsly.to  the  tongue  when  applied  to  it. 

Alumina,  though  usually  serving  as  a  base  in  the  compounds 
which  it  forms,  occasionally  becomes  the  electro-negative  ele- 
ment, and  serves  the  part  of  an  acid.  Thus,  it  combines  with 
potassa  to  form  aluminate  of  potassa,  and  with  baryta  in  like 
inauuer.     The  mineral  called  spinelle  is  a  native  aluminate  of 

This  earth  is  remarkable  for  its  tendency  to  unite  with  organic 
substances.  If  a  cotton  cloth  is  immersed  in  a  solution  of  acetate 
of  alumina,  the  earth  wi    d  p  ts  1       mpl  te!y    n    h    fib 

of  the  cotton  and  leave  d  f  On  h     p  o    p 

depend  some  of  the  most  mp  p  o-p   n     g 

"When  heated  Willi  niti'at  tb  kf  m 

pound. 

.     Natiye  hjdrate   cf   alum  m 

diaspOTe. 

Chloride  of  Aluminum,  Al  Th         m         d  la  g  a. 

nisMng  the  meojis  of  obtjun    g         m  ta         minum  p 

it  must  li9  anhydrous,  ajui  tarn  d         p         g 

cilorino  through  a  mixtiire  mi  h  te  dn 

ill  a  porcdiun  tube. 

QuEBTioKS.— 413.   Whati     aid  W 

gema  ata  mentioned  as  com  h  tl         D 

Doe.'i  it,  in.  oombiriation,  act  as  a  base  or  an  aoid!  What  is  said  ol  ils 
tendency  to  nnite  witli  organic  sabstauoea  f  IIow  is  clilorlde  of  almiiiivum 
formed ! 
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Sails  of  Alumina. 

414.  Sulphate  of  Alumina,  AlaOsjSSOj,  — This  salt,  though 
oontaiDing  3  eq,  of  acid,  is  considered  a  neutral  (349)  sulphate. 
It  13  obtained  by  treating  the  purest  days  with  sulpiiuriis  acid, 
moderately  diluted.  It  is  very  soluble  iu  wuter,  and  May  be 
obtained  in  small  crystals,  which  contaia  18  eq.  of  water.  It  is 
used  in  dyeing. 

415.  Sulphate  of  Alnmina  and  Potash,  AlaOj,3S03+ KO.SOj. 
— This  double  salt  is  the  well  known  iluvi  of  commetce.  It  is 
usually  formed  from  a  mineral  sub^tioee  called  alum  slate,  which 
is  an  argillaceous,  slaty  rook,  containing  iron  pyrites  It  is  soine- 
tinies  found  naturally  formed  as  in  effloiescenoe  upoi  the  surface 
of  the  rock. 

Alum  is  usually  seen  orystaLzed  in  octahediona,  whi^h  always 
contain  24  eq.  of  water;  it  is  leiy  soluble  lo  boiiina;  water,  and 
has  a  sweetish,  aatriogent  taste  Whan  the  crystals  ire  heated, 
they  melt  and  froth  up  very  much,  in  consequence  of  the  large 
quantity  of  water  they  oontaiu  Alum  is  much  used  in  medicine 
and  in  the  arts,  especially  iu  dyeing  and  calico  printing 

The  alumen  tistxtm,  or  hm-nt  alum,  used  in  madicme  is  a  caustic, 
is  alum  that  has  been  deprived  of  its  water  of  cryatahzation  by 

Commoa  or  potash  alum  is  the  type  of  a  whoie  family  of  alums ; 
as  soda  alum,  ammonia  alv/m,  irmx  alum,  rhromiuw,  alum,  &c. 
Soda  aud  ammonia  alums  are  produced  by  caasing  these  sub- 
stances to  replace  the  potash  in  common  alum ;  and  iron  and 
chromium  alums,  by  replacing  the  alumina  by  the  sesquioxidea 
of  iron  and  ohromium.  These  alums  are  all  exceedingly  alike  in 
their  various  properties,  and  all  contain,  when  crystaUaed,  24 
atoms  of  water. 

The  relation  of  these  different  alums  (183)  to  each  other  la 
composition  will  best  be  seen  by  comparing  their  formula. 

Question  a.— 414.  How  is  aulpliate  of  aluminft  formed  !  415.  What  is 
the  composition  of  aliitn!  From  what  is  it  usually  formed?  IVliat  use 
is  iihmIb  of  it  t     What  are  some  of  the  different  alama  tliat  are  knowa  t 
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fl.  I'otaali,  oc  oommyn  aUini KO.SOa  +  Al.O^.SSOj  +  SillO. 

].  J  2.  Soda  alum NnO.SO,  +  AI3O3.8SO3  +  24HO. 

1.8.  AmmoDiit  Blum NH,0,SOs+ A],0s-8S0j  +  24HO 

r4.  Peiio-potaaea  alnm KO.SOs,  +  Fe.Oj.BSOa  +  34HO. 

n.J  6.  Fario-socla  alnm NnO.SOg  4- FeoOj.SSO, -f  24H0. 

(.G.  Foiio-ammoma  alum NH40,803  + F&,O„8S03  4. 24HO. 

III.  7  Maiigaiieso-potash  alum K0,80a  +  MujOa.BSOg  +  34HO. 

IV.  8.  Chi-omio-poiasli  alum ^O.SOa  +  CrjOs>SSOa+  24HO. 

Both  the  manganeso  and  chromo  aenea  have  a  aoda  and  an  aaunonz? 

Cubic  ahm,  so  called  because  its  crystals  usually  are  cubes,  ia 
formed  by  pouring  solution  of  carbonate  of  potassa  into  a  saturated 
solution  of  common  alum  at  about  122°,  constantly  stirring  the  miz- 
tureforsometime.  Its  composition  is  K0,80a+A1A2SO+9HO. 

41C,  Silicates  of  Aluniina. — Se7eral  double  silicates  of  alumina 
and  otber  bases  are  found  native,  some  of  which  are  of  great  im- 
portance iu  the  arts.  Feldspar  is  a  double  silicate  of  alumina 
and  potash,  while  alhite,  or  Chavelandite,  is  a  double  silicate 
of  alumina  and  soda.  Spodumeme  and  peialife  are  the  same  as 
the  latter,  except  that  they  contain  leas  soda,  and  a  small  portion 
of  lithia. 

Sometimes  feldspar  undergoes  a  natural  decomposition,  losing 
lis  potash  and  part  of  its  silica,  and  is  then  called  kaolin.  This 
substance,  which  is  essentially  silicate  of  alumina,  more  or  less 
pure,  is  the  basis  of  ail  the  varieties  oi porcelain  or  China-tcare. 
The  articles  are  made  of  this  of  the  proper  form,  and,  when  dry, 
are  exposed  to  a  high  temperature  in  a  furnace,  by  which  they 
become  very  compact,  but  do  not  fuse.  They  are  then  dipped  in 
the  glaze,  which  consists  chiefly  of  feldspar,  ground  to  a  fine  pow- 
der, and  suspended  in  water,  a  coating  of  which  adheres  over  the 
surface;  and  when  the  articles  are  dried  and  again  subjected  to 
the  heat  of  the  furnace,  it  fuses  and  forms  a  glassy  envelope, 
which  incorporates  itself  with  the  body  previously  formed,  and 
increases  its  compactness  and  strength.     The  glaze  also  renders 

QiiEaTioBB. — Of  tlioae  alums  mentaonad  in  the  tahle,  what  is  the  dif- 
foranoe  in  oompoation  betireen  the  first  and  second?  Tie  first  and 
third  ?  The  first  and  fourth  ?  First  and  seventh  1  Seventh  and  eightli  ? 
416.  What  native  alioiites  of  alnmina  are  mentioned  I  What  is  kaolin  ? 
What  nao  is  made  of  it?    Desciibe  the  mode  of  majnifaotming  articles 
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SALTS   or 

ijliein  impervions  to  liquids,  and  n  h 
kinds  of  porcelaiDj  the  kaolin  mh  h  !  body, 
mixed  with  some  substance,  as  IL  1  1  b  wli  ii  t  is  ren- 
dered partially  fusible,  and  th  1  h  f  b  cs  more 
perfectly  incorporated  with  i  d  1  a  made 
of  it  slightly  translucent.  Tb  1  p  d  f  the  first 
burning,  and  before  the  glaz  i  i  d  rely  of 
ractallie  oxides. 

417.  All  the  different  kinds    f  p      d       entially 

of  alumina  and  silica,  both  of  wh    h  y      f     H     except 

when  mixed  with  the  alkalies  o   1  n  II     osides, 

especially  the  osides  of  iron.     C  mm        1  y    !w  y  lias  car- 

bonate of  lime  and  oxide  of  ir  d        h     f      q    te  fusible. 

i'Tre  clay,  so  called  because  of  f     b  1  y  o  lime; 

when  free  from  metallic  oxides  11  d  jpj      !  d  articles 

made  of  it  are  unoolored  when  removed  from  tlie  fire. 

Stone-ware  is  made  of  an  infusible  clay;  and  when  the  articles 
are  euffioiently  heated  in  the  furnace,  common  salt  is  thrown  upon 
them,  the  soda  of  vhich,  combining  with  the  materials  of  the 
clay,  fornis  a  fusible  compound  that  constitutes  the  glaze.  With- 
out this  the  articles  would  be  porous,  and  water  and  other  liquids 
would  percolate  through  them. 

P  d  tt  Jen-ware  is  made  of  the  most  common  kinds  of  clay, 
nb  h  nta  n  lime  and  iron,  and  is  so  fusible  that  only  a  mode- 
h  needed  in  baking  articles  made  of  it.     The  articles, 

f  1:  n^  baped  upon  the  potters'  wheel,  are  thoroughly  dried, 
a  d  h  n  ated  over  with  litharge  (oxide  of  lead),  in  fioe  powder, 
h  h  by  he  heat  of  the  furnace  afterwards  applied,  fuses  and 
spreads  over  the  surface  so  as  to  form  a  fine  glaze.  Such  vessels, 
however,  should  never  be  need  with  acids,  which  would  attack 
the  oxide  of  lead  and  produce  poisonous  compounds. 

Bricks  are  usually  made  of  the  same  kind  of  clay  as  that  just 
described.  No  glaze  is  required  for  them.  The  best  bricks  are 
now  pressed  when  partially  dry,  to  render  them  more  solid,  and 

QuBSTiOKS, — 417.  Of  That  are  all  the  different  kinds  of  ol.ty  oom- 
posBii  ?  What  is  fire  clay  f  How  is  (he  glaze  applied  to  aitleles  of  etonu- 
ware  ?    Describe  red  earthen- wai*.     How  are  bi-ioks  made  ? 
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8-14    omciNUM,   ziaooNixJM,  and  thorium. 

to  give  them  a  smoother  surface.  The  red  uolor  is  occasioned  by 
the  oside  of  iroa  in.  the  clay,  or  the  sand  mised  with  it,  which, 
by  the  heat  in  burning,  beoomes  perosidized. 

418.  eiucinura,  G;  Eq.,  4'7,— This  metal  reodvea  its  imme  from  tlie 
clrcnmatance  tiiai  tie  ealt-s  of  its  oiidi,  gbidna,  are  sweet  (Greek,  glukus, 
sweet,)  to  the  taste.  It  is  ot)t£dned  from  its  chloride  in  tlie  Bome  manner 
OS  magneeiimL  nud  alnminitm. 

Olucina  is  an  oidde  of  the  metal,  but  wtetlier  it  is  a  protoxide,  GO, 
or  a  Besquioside,  GjOj,  lias  not  been  datermioed.  It  is  obtained  oMefly 
irom  the  mineral  species  called  beryl,  and  tlierefore  tlie  metal  has  by 
Bome  been  oaUad  ba-yllum.  If  we  consider  it  as  a  aeaqaioside,  tlie  equiya- 
lant  of  the  metal  will  be  6'96,  instead  of  the  auuiber  giren  ahoTe. 

419,  Zirconium,  Zr;  Eq,,  34. — Zirconium,  in  combination  with  osygen, 
ia  fonnd  in  tlie  mineral  species  stircon,  which  is  a  silicate  of  airoonia.  It 
is  present  also,  in  small  quantity,  in  some  few  other  minerals. 

The  earth  <arconia  is  believed  to  bo  a  atequioxide  of  the  metal,  Zr^O). 

430.  Thorium,  Th;  Eq.,59'6. — Thorium  is  found  only  in  a  few  very  rare 
minerals,  as  thonie,  pyroi^lore,  and  monaaite. 

The  earth  ikarina  la  a  protoxide,  TiiO. 

Yttiiam,  Erbium,  and  Terbium  are  found  associated  in  a  yevy  few  rare 
minerals,  especially  in  gadoiimte,  a  mineral  Epeoies  obtained  chiefly  fi'om 
Sweden. 

Cerium,  Lanthanum,  and  Didymium  occur  together  in  sevei'al  mineral 
species,  ceriie,  aUanite,  oHkile,  &o.,  but  are  obtained  only  in  small  quantity. 
Of  these  six  metals  liiBt  mentioned,  little  is  really  luiown ; — except  yttrium 
and  cerium,  they  hare  but  recently  been  disoovered. 


421.  The  metals  of  thia  group  are  cot  as  wcl!  characterised  as 
those  of  some  of  the  other  groups.  All  that  wo  have  named  as 
included  in  it  do  indeed,  at  a  red  heat,  deeompo^to  the  vapor  of 

QpESTioKs—What  oecasions  the  rod  color  of  bi-iotat  418.  Describe 
elncinum,  and  the  mode  of  preparing  it.  419.  In  nhat  is  lirconium 
found?  420.  What  other  tneinla  aro  mentioned  ns  belonging  to  this 
group!  Name  the  metals  of  Group  IV.  Bow  are  they  oharacterizect? 
421.  Are  the  metals  of  this  group  as  well  oharaoteriiccl  as  those  of  some 
other  groupsf 
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MANGANESE.  345 

w:tter,  but  some  of  tlicm  also  ant  slightly  upon  liquid  water. 
Tliis  is  the  case  more  particularly  with  the  first  namsd,  man- 
ganese ;  but  some  of  the  others,  as  iron  and  zinc,  are  oxydized  by 
water,  at  ordinary  temperatures,  especially  if  atmoapberic  air  be 
also  present. 

MANGANESE. 

Sy    II  Bin;  Equivalent,  28;  Densily,  8'3. 

423   Histoiy — "M  a^ne'ie  wis  first  obtained  by  G-ibn,  from 

tl     subat    ce  then  called  maffnena  nigia,  which  his  since  bfen 

f    nd  to  be  an  os  de  of  this  metal      It  received  its  piesent  name 

dist  n^-u  sh    t  f  om  magnesium,  whii.h  baa  alietdy  been  de 

bed      It  s  ne  er  found  in  nature  in  its  motalln,  state,  but  its 

n  poun  la  are  very  geneially  diffused,  and  traces  of  it  ot-cui  in 

btth  ammat  and  legelible  bubHtantea 

423  Preparation — Metillio  manganese  m  conBequeTn,e  of  iti 
j.itut  dlmily  foi  oxyj,po,  is  not  obtained  without  con  idpralle  difii 
culty      lo  procure  it,  the  black  osiJe,  in  fine  powde: 
juto  a  paste  with  oil  and  lampblack,  and  exposed,  in  i 
I  ible,  to  the  higheat  heat  uf  a  powerful  furmoo 
hnuldiii'it  be  halted  alone  in  a  coveied  cruoil ' 
to  reduce  it  to  the  form  of  piutoside,  and  this  ' 
then  mixed  with  the  lanipblai-k  and  oil,  as  ditected 
iboie       The  last  halting,  which  ahouli  be  con 
tinued  two  hour",  is  best  performed  m  a  porcelai; 
iiucible,  well  closed  by  a  covir,  and  then  luted 
in  a  common  Hessiin   crucible,  IS  shown  m  t 
fisrure,  which  lepresenta   a  section  through  1 
LLntres   of   both   ciuubks       A  little  powdered      Manganese 
bcnx  mixed  with  the  materials  facihtatea  the  colki-tion  of  the 
metallic  globules  into  a  ma« 

The  metai  will  be  fjund  in  i  Imtioa  at  the  bottom  of  the 
ciucible 

orj  uf  manganese.      323.  How  is  Liia 
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424.  Properties. —  Blanganese  is  a  hard,  biiUle  motal,  of  a 
griiyish-wUite  color,  and  granular  texture.  It  is  exceedingly 
infusible,  requiring  the  higliest  heat  of  a  wiud-furnace  for  fusion. 
It  soon  tarnishes  on  exposure  to  the  air,  and  absorbs  osygen  with 
rapidity  when  heated  to  redness  in  open  veasols.  In  water  at 
ordinary  temperatures  it  is  slowly  oxjdizcdj  and  the  action  becomes 
jiore  decided  aa  the  heat  is  raised. 

The  metal  is  best  preserved  in  pieces  of  glass  tube,  lieriticLic;i]Iy 


BlnoA-y  Gonipomids  of  Manganese. 

425.  Oxides  of  Manganese. — There  are  six  osldcs  of  man- 
gnu  ese,  via. : 

The  protomde,  MdO,  which  is  a  powerful  baae. 

The  ae^quioxide,  Mn^Oa,  which  is  a  weak  base. 

The  red  oxide,  MnsO„=MnO+MnA,  a  saline  oside  (344  :  4). 

The  hinoxide,  MnOy  called  also  peroxide  and  blade  oxide. 

Manganic  amd,  MnOa,  and 

Perjnangamo  acid,  Mn^Oj. 

426.  ProHJsiae  of  Manganese,  MnO.—ThiB  oompoimd,  though  existing 
frequently  in  oombiuntion,  is  obtained  in  n  separate  Etato  witli  some 
diflioulty,  in  oonseqncnce  of  its  strong  fendencj  to  absorb  Osjgfln  from 
thfi  air.  The  following  is  the  best  metliod  of  procuring  it.  A  glass  tnbo 
with  a  bulb,  A,  noni-  the  mid  He   'a  pi  \*ded  and  the  bill  la  tU  filled 


with  poTTdered  carbomte  )f  mnni-nnesp  1  Urgor  tube,  B,  is  fiUad 
1oo!b1j  with  flry  ohloiide  ot  calcium  oi  pioeen  of  pnmieo  stone  inipreg- 
uated  witii  stiong  oil  ol  ijttiul    and  connected  with  the  first  tube,  as 

Questions.— 424.  What  are  the  properties  of  manganese!  425.  How 
itHvny  componnda  of  manganese  and  oxygen  are  there  ?  426.  Doseribe 
t!ie  mode  of  preparing  the  protoxide  by  means  of  hyftrogon  gas. 
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sliown  ill  tlio  figure.      Tlie  two-neoked  bottle,  C,  contninfl  pieces  of  iinc 
and  water. 

Wlien  the  whole  is  arrimged  as  repreaented,  some  oil  of  yitriol  is  poured 
into  the  bottle,  C,  aiid  the  whole  interior  of  the  apparatus  is  soon  fillud 
with  hydrogaa  gas,  which  is  deprived  of  its  moisture  by  passing  the  tahe, 
B,  so  tliat  dry  hydrogea  only  surrounds  the  maJiganBae  compound.  A 
spirit-lamp  is  now  placed  under  A,  the  heat  of  which  decomposes  tlia 
carbonate  of  manganese,  leaving  the  protoxide  as  a  fine  powder ;  aad  tlia 
absorplioil  of  oxygen  is  prevented  by  the  hydrogen. 

After  a  proper  tiiiie  the  tube,  A,  may  be  removed,  and  the  extreiiiu 
point  closed  hermetically  hy  the  lamp ;  the  tube  on  the  other  side  of  the 
bulb  may  also  be  drawn  out  and  cloawl 
in  the  same  manner,  which  is  aooom-  -^_ 

pUshed  the  more  readily  if,  after  intro- 
ducing tJie  mangnnese  oomponnd,  the 

tube   has    been    a    little    reduced,    as  I'teppiatlon  of  MqO. 

shown  in  the  aoeompojiying  figure. 

Prepared  in  this  way,  the  protoxide  is  a  powder  of  a  delicate  green 
color ;  and  Uius  inclosed  ftom  the  air,  may  of  course  be  preserved  for 
any  length  of  time. 

427.  Peroxide  of  Manganese,  MnOj. — Thia  is  tie  comiaon, 
or  black  oxide,  of  this  metal.  It  is  found  in  considerable  abun- 
dance in  the  State  of  Vermont,  and  ia  other  places  in  this  country, 
and  in  Europe.  Heated  alone,  it  is  recluced  to  the  sesquiosido, 
MiijOj,  but  when  heated  with  sulpburio  acid  it  is  reduced  to  tho 
protoxide,  witk  which  the  aeid  combines.  Thia  last  operation 
may  be  performed  ia  glass  vessels.  Heated  with  hydroohloi  ic 
acid,  chloride  of  manganese  is  formed,  and  chlorine  evolved.  It 
is  much  employed  in  the  arts,  in  the  manufacture  of  glass,  and 
bleaching- salt,  and  for  other  purposes.  When  crystalized,  it  is 
called  by  mineralogists  pi/i-oludte.  The  seaquioside  very  much 
resembles  the  peroxide  in  appearance,  and  is  often  fraudulently 
sold  for  it. 

438.  Manganic  Acid,  MnOj. — This  compound  has  never  been  obtained 
in  a  separate  state,  but  only  in  combination  witii  bases.  It  is  intei^csting 
as  the  first  metallic  add  we  are  called  to  consider  in  the  progi-oss  of  our 
course.  It  is  formed,  in  combination  with  potash,  by  heating  equiil 
weights  of  poToside  of  manganese  and  nitrate  of  potash  to  daH  redness  in 
an  open  crucible.  The  oompoaiid,  manganats  ofpotash,  is  of  a  dnrk-grcon 
color,  and  has  long  been  known  by  the  name  of  chamdson  minetal.  Di;i- 
solved  in  cold  water,  it  forms  a  beautiful  green  solntion,  which  hy  cozi- 
tinued  dilution  changes  to  blue,  purple,  and,  finally,  to  a  biilliant  red. 

QuBSTiOKS. — i2T.  Is  the  blaok,  or  peroxide,  found  native  !  What  use 
Is  made  of  it!  428.  Describe  the  mode  of  preparing numganate  of  pota:^b. 
What  is  it  called? 
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HonijB  its  name.     TIiB  cliiiigea  !irc  uracil  more  rapid  wlieu  Iiot  wiitcr 

429,  Permanganic  Acid,  Mn,0,. — This  acid,  in  combination  with  potash, 
is  formed  when  solutjcn  of  the  majiganate  of  potash  is  made  'with  hot  wat«r, 
as  above  described,  by  the  absorption  of  osygen  from  the  flir.  It  ia  to  the 
formation  of  this  compound  that  the  red  color  ia  oning,  nMeh  is  finally 
obtfiined  by  solution  of  oLameleon  mineral. 

From  this  red  solution  purple  crjslala  of  permangaaat*  of  potash  may 
be  obtained;  but  when  an  attempt  is  made  to  separate  either  this  or  the 
preceding  acid  from  the  bases  with  wliich  they  are  united,  Uiey  are 
decomposed. 

Chloride  of  Manganese  is  formed  by  digesting  the  Hack  o^de  in  hydro- 
chloric acid.  There  aie  two  known,  the  pcotochloride,  MnCl,  and  sesqal- 
chloride,  MhjjCIj. 

Salts  of  Manganese. 

There  are  several  salts  of  manganese,  but  tlio  only  one  of  im- 
portance in  tlie  firts  ia  the  following  : 

430,  Sulphate  of  Manganese,  MnOjSOs.— This  salt  is  formed 
hj  digesting  the  peroxide  in  strong  sulphuric  acid  by  the  aid  of 
heat,  and  filtering  -vihta  it  has  become  cold.  The  crystals  of  the 
salt  are  of  a,  rose-rod  color,  and  are  very  soluhie  in  water.  They 
always  contain  some  water  of  crystaliaation,  the  quantity  depend- 
ing upon  the  temperature  of  the  solution  in  which  they  are 


SymM,  Pe  {Ftrrum);  Equivalertt,  28;  Dcnsiii/,  7*7  to  7'9. 

431,  History, — Iron,  the  most  ahuudant  and  most  useful  of 
all  the  metals,  has  been  known  from  the  remotest  antiquity. 
The  ores  of  the  metal,  as  well  as  the  metal  itself,  and  some  of  its 
manufactures,  arc  mentioned  in  the  writings  of  Moses,  and  it  i,s 
well  known  the  ancient  Greeks  and  Romans  were  acquainted 
with  it. 

Iron  has  been  found  native  in  small  quantities  in  different 

QuBSXioss. — 429.  How  ia  permanganate  of  potash  formed  ?  430.  Do- 
Euribe  the  sulphato  of  manganese.  481.  Has  iron  been  long  known  ?  II  aa 
it  been  found  native  ? 
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countrie'?,  but  recently  a  real  mine  of  very  pure  iron  seems  to 
lia\e  been  discDveiod  ja  thu  teiiitory  of  Liberia,  on  the  weatein 
coast  i.f  Atuca 

The  occnnenoe  of  iion  of  mefeoiio  ongin,  ossouated  with 
nidei,  ^nd  sometimea  with  cobalt  and  other  metah,  is  sot 
uncommon  One  m^sa,  at  lea'Jt,  if  this  kind  was  actually  sei,n 
to  ftU  from  tl  e  atmospbeie,  wtii^h  was  subsequently  csaininLd , 
but  many  otbera  have  been  fouad  m  such,  situations  a^  to  leave 
no  doubt  that  they  originated  in  the  same  mannei  As  no  su  h 
comj  ound  baa  ever  been  found  in  proper  iion  miDea,  it  is  believed 
that  these  bodies  must  hive  then  ougm  in  some  legioQ  ftreij^u 
to  the  earth 

Lommou  meteorites,  whuh  have  otten  been  sei,n  to  tall  fioni 
the  itmo&phoie,  aie  of  a  difteient  composition,  containing  usually 
no  metallic  iron,  but  vaiious  compounds  of  uoc,  manginesL, 
aulphui,  La 

Theio  are  many  oies  of  iro  i,  but  the  most  impoitint  are  the 
hydrated  peroside,  called  by  mineralogista  brown  hematite  ;  the 
peroxide  (specular  iron,  or  red  hematite),  and  the  black  or  mag- 
netic oside,  which  is  a  compound  of  the  two  preceding.  The 
last  ia  the  natural  magnet  or  loadstone  Eoglish  iron  is  obtained 
chiefly  from  the  daT/-i  m  wh    h      au    mpu  b      t     f 

iron,  found  abundantly    n  o  nn    t   n  w  th  th  1  u. 

but  in  this  country  th    m  t  1         st      t  1    Im    t    nt     ly  f 
the  ores  previously  me  t    n  d 

433.  Preparation,— Th    l    p     t   n   f  j    f   tij  i  c 

a  matter  of  considerabl  d  fh  Ity  but  th  1  n  y  m  th  d  f 
reducing  it  from  its  or  t    h  at  th  m      ten    ly     f      h        ^ 

been  reduced  to  small  f  agm  nt.  w  th  oha  al  o  k  d  1 
or  siliceous  sand,  aa  th  nat  e  f  th  p  itjcular  ore  may  le.iuiri,. 
The  osygen  of  the  oxide  of  iron  is  absorbed  by  the  heated  csrbon 
and  carried  off  as  carbonic  acid,  while  the  flax  —  for  so  the  limo 
or  sand  ia  called  when  used  for  this  purpose  —  unites  with  the 
earthy  part  of  the  ore  and  forms  a  fusible  compound,  that  remains 

QriBSTioBS. — What  ia  said  of  metaorio  iron  !  What  mstaJs  lire  iisiin.l!y 
foTHid  in  combination  with  moteorio  iron  ?  WLat  are  Boms  of  the  most 
iniportaut  ores  of  iron?  432.  Deaoribe  the  ordinary  motlea  oi"  retluoing 
Oio  ores  of  iron.     Why  are  flnxes  nsed  in  the  opei'atJon ! 
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Q ;  the  molted  iron,  by  its  superior  weiglit,  falling 


upon  the  surfai 
to  the  bottom. 

The  nctnre  of  the  flnx  used  most  depenfl,  in  any  partioulnr  onse,  upon 
the  diaraoter  of  the  ore  tbai  is  used.  Most  iron  oi-ee  occur  in  the  granite 
rooks,  and  therefore  tlio  gangae  (that  is,  the  enj^hy  matter  of  the  ore,)  is 
moBtly  silica,  which  of  itaelf  is  Tecy  infoaUe  (328),  but  forma  a  fusible 
maas  Tfheu  mixed  with  lime.  Limeetone,  in  fragmenta,  ia  therefore  intro- 
duced with  the  ore,  which  is  first  hy  the  heat  changed  to  caustic  lime,  by 
eixpulsion  of  t^e  carbonic  acid;  and  the  lime  then  unites  with  the  silica, 
producing  the  fuaible  dlioate  of  lime,  which,  at  the  high  temperature, 
flows  fredy,  aod  allowa  the  reduced  partiolea  of  iron  to  unite  in  a  maaa. 

Occasioaally,  an  iron  ore  ocoura  in  a  limestone  region ;  and  then,  the 
lime  alone  being  also  infusible,  a  flus  cf  silica  (sand)  is  required. 

u  ulated  n 
whoh 


Wlien  a  '  ffio  ent  jtii     ty  of  melted  ron  has 
the  furnace    t    s  d  awa  off  by  an  a]     t  re  at  the  botfom  " 
IS  opened  for  the  \   rpo  e      After  th      on  has  been  removed  tJ  e 
slag  formed  by   h    un  ou  of  tl  e  flus  w  h  the  ei  thy  matter  of 


aals 


Qoff 


Ihe 


mpany  ng  figure  rej  re  bents  a 
i  U  s  f  ae  -Bhch  13  us  d 
i  on  of  ron  ores  I  s  uaunl  y 
e  h  ty  or  forty  feet  h  gh  a  d 
w   h  fl  e  b   e!       Ihe  clia  oo  ! 


eolie  and    he  o  e 
ho     ec  ssary  : 


1  p  op      p  oport 


]      and  AA  a 
powerful  lellniTs 
1  owe     for  supi  ly 
a  r  ti  U3  lo  ced  n   w  11  of 
I er  ture 


]  pes    lead  ac    f  o  n    a 
ked  ly  nate    o   stean 
he  blast  of  a  r      Tl 
)u  se  be  of  tl  o 
exte  Dal  atm 


sphere  and  const  t  te  the     old  blast     but  somet  mes  ll  e  hot 
blast    3  used        wl    1    oa  e    be  t  bea  a  e  so  irranged  over  1 
top  of  the  furnace  that  they  a  e  iopt  hot  by  the  blaze  fr  n  tl  a 
burn  ng  mass  a  1  the  a  r  pass  ng  thro  ^h  ti  e      becomes  hea,  e  1 
a   1  enters  the  fire  at     tempe  a    re  of  400    or  COO 

When  once  put  la  operation,  a  furnace  is  usually  kept  in  full 
employment  for  many  months,  until  repairs  are  needed  ;  the  fuel, 

QoEanoNS. — What  is  used  for  flni  when  the  ore  is  dug  from  siliceous 
rooksJ  Describe  ihe  blast-furnace  used  for  reducing  ores  of  irou.  Hnw 
is  the  air  someUmes  heated  before  being  forced  into  tlie  furnace  ?  Is  ,i 
furnace,  when  once  heated,  kept  long  iii  operation  ? 
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with  a  proper  proportion  of  ore  and  flux,  being  regnlai-Iy  supplied 
at  tlio  top. 

The  iron  obtained  by  this  process  is  tbe  cant  or  pig-iron  of  com- 
njeroe,  and  contains  a  considerable  quantity  of  carbon  and  other 
substances,  by  wliioh  it  is  rendered  mucb  more  fusible  than  pure 
iron,  but  33  at  the  same  time  harder  and  mote  brittle. 

It  receives  it  name  from  the  fact  that  it  may  be  cast,  or  melifJ, 
and  poured  into  moulds,  so  as  to  form  articles  of  any  desired  figure 
For  this  purpose,  a  pattern  of  the  desired  article  is  formed  of  wood, 
and  moulded  in  sand; 
and  tho  melted  metal  is 
poured  into  the  cavity  ^ 
thus  produced.  The 
iron  is   usually  melted      _  Pt.,,rins;  0»3t-i™n. 

in  a  cupola  furnace,  and  drawn  oiF  in  vessels  liued  with  clay  (se 
figure),  from  which  it  is  coaveniently  poured. 

To  convert  cast  into  mailcabJe  iron,  it  is  exposed,  in  i  meltO' 
state,  to  a  current  of  air,  which  pitys  oier  its  surface,  or  la  foioe 
through  it  The  pioccss  IS  usually  ~  ~ 
conducted  in  a  reverberatory  fur 
nice,  a  "iection  of  which  la  shown 
in  the  figure  in  the  margin  G-  is 
(he  grate  upon  whi(,h  the  fire  11 
Imdled,  and  HH  the  hearth 
which  contains  the  melted  metal 
As  the  blaze  fiom  the  fud  pas'^e:, 
to  the  chimney,  C,  it  comes  in 
conti&t  with  the  melted  zron,  and 
the  caibon  it  contains— *ind  per 

haps   other   impuritic  —  la   gradually   buint   cut    lud   the    iron 
becomes  malleable      This  piocess  is  caW^di  fuddling 

But  it  IS  not  ah-folutely  csiential  that  cast  iron  should  be  fused 
in  order  to  he  ch  mged  into  the  milleable  state      When  small 

Q^I^,3TI0^s— What  la  the  kind  of  iron  ohtainod  by  tka  procosa  de 
"iiibeJ?  Whv  IS  it  called  cast  non'  How  is  it  lashioned  into  iiticlo" 
of  my  desnedfoim!  Howie  cast  i  ion  oonreitod  mti  malloablo  imi' 
May  small  aitioles  made  of  oist  iron  be  oonvertBd  into  malleable  iiou 
without  being  fused*    Dasonbe  thepioooss 
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time  Jd  cautaot  with 
ley  are  oonvertad  ioto 
h  m    erfectly.     X^e  carbon 

osiijla  of  iron  used. 

nder  the  last  head,  in 

is  a  hard  metal,  of  a 

g  lustre,  which  is  sua. 

by  polishing.     Heated 

e,  and  is  easily  worked 

g  dedly  fibrous  structure. 

g  ,  it  does   not   at  once 

m  the  other  metals,  but 

bat  two  pieces  in  this 

d       fi  m  sed  together,  unite  in 

g  is,  perhaps,  all   things 

1  and  it  is  owing  in  a 

h  it  is  peculiar;  only  a 

g  or  degree. 

and  espraed  to  tbo  air 

H  atod  intensely  in  the 

fl  m  compound  blowpipe,  it 

m     fi  produced  by  igniting  a 

as  (  92)  or  dropping  iron-filings 

mp  as    he  property  also  of  bo- 

1       fl  another  magnet  (121), 

(       )      B      pure  iron  loses  its  mag- 

h        rr       is  removed.     Some  of 

)  d  the  black  oxide,  how- 

rVBT  pnro,  but  coEtainS  in  combinafJOn  moro 
or  loss  oarbon,  and  other  sabstanoes. 
Perfectly  pure  iron  can  be  oblaineci  only  by  heating  one  of  the  oxides, 

QnEeTiONS. — 433,  Dagcribe  the  properties  of  iron.  How  is  malleable 
iron  affooted  wlien  tented  to  redness!  Describe  the  proceBS  of  welding. 
Are  there  other  metals  capable  of  being  weMed  ?  What  is  said  of  tlio 
iiflinity  of  iron  for  osygon !  How  is  it  ajfeeted  whan  exposciJ  to  air  and 
moisture!     How  maj  iron  be  made  to  burn?     1-Ioiv  iiiiij  pure  iron  bo 
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JT  Ui6  protocliloiide,  ia  an  atmoaphero  of  hydrogen.  For  tliis  purpotie, 
tho  same  apparatna  may  be  used  as  figured  in  paragraph  426  for  forming 
pratoiide  of  roanganoaa.  The  oside  or  chloride  being  heat&d  by  a 
lamp,  is  decomposed  by  the  current  of  dry  hydrogen,  Had  llie  iron 
remaina  aa  a  grayieli-black  powder,  whioh  may  take  fire  spontaneoUBly 
"f  th      "   b      dmittel  b  t  he  prefer  el  any  Ingth  of  time  by  seal 


P  y  g  P  e  n^fe 

ohatnber,  ooutiuuing  the  orucible  and  fnel,  and  connects  tvith  the  oMm- 
ney.  0,  by  a  horizontal  fine,  B.  The  top  of  this  chamber  is  oovered  with 
a  lid,  E  F,  which  may  be  removed,  at  pleasure,  to  allow  the  introduction 
of  the  fuel  and  the  crucibles,  and  the  current  of  air  is  regulated  by  a 
lamper,  R.  The  oraoibles  are  made  of  the  most  refractory  clnya,  ajid 
af  the  form  represented  in  the  second  figure.     Wlien  the  steel  is  perfectly 

QiTBBTiOBS. — 484.  What  is  steel  ?  How  is  it  formed  ?  In  what  does  it 
differ  from  iron  in  ita  properties  ?  IIow  are  hara  of  blistei-ed  Kteel  con- 
voi'ted  into  cast-steel !    IIow  arc  arlioles  made  of  steel  tempered  !    Wlint 
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_         h  of  Iron. 

435.  -^Oxides,  of  Iroa.  —  There  are  four  oxides  of  iron,  aa 
follows,  viz  : —  ■ 

The  protoxide,  FeO,  which  ia  &  posrorful  base. 

The  sesg^uioxide,  FejOs,  which  is  a  feeble  base,  isomorphous 
with  aluiainS,  AIjOo-     It  is  often  called  t\ie  peroxide. 

The  oxide,  FejjOj,  called  also  hlaclc  or  magnetic  oxide,  which  ia 
onnsiderecl  a  eompound  of  the  ^jroto  and  sesquioxides ; — tbua, 
FeO  +  Pe„Os  =  FojOj-  It  belongs  to  the  class  of  "sahiio 
oxides"  (34i  :  4). 

Ferric  acid,  FeOs- 

The  red,  or  sesquioxidc  of  iron,  ia  obtained  by  heating  green 
vitriol  (sulphate  of  the  protoxide  of  iron)  to  redness  in  the  oper. 
i\ir,  iind  ia  used  as  a  polish  in  g-powder,  under  the  name  of  rouge 
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ov  colcothar.  Earth  or  clay  highly  impregnated  witb  it  forms 
the  red  ochre  used  by  painters.  The  hlack  oxide  constitutes  the 
scale  that  always  forms  upon  the  surface  of  iron  when  heated  to 
rodaess  in  the  open  air.  Large  acoumuladons  of  it  are  often  seen 
by  tlie  side  of  the  smith's  anyil.  This  oxide,  found  native,  con- 
stitutes the  naiiDe  viagnei,  or  loaJstons,  as  stated  above.  It  is 
found  crystaliaed  in  beautiful  octahedrons,  and  in  masses,  and  is 
one  of  tbe  best  ores  of  the  metal. 

Ferric  acid,  FeO,,  in  oombinntion  with  potash,  as  ferrate  ofpotnsli,  is 
foi-mad  bj  healing  a  mLstm-e  of  iron-filinga  and  nitvatfl  of  potasli  in  lui 
ii'on  crucible ;  and  the  salt  mtty  he  separated  from  the  mass  by  treating  ' 
it  nith  cold  irator.     It  oannot  be  obtained  in  a  separate  state. 

438.  Chlorides  of  Iron.'— There  ore  twff  chlorides  of  iron,  the  prolo- 
chloride,  FeCl,  and  the  setquickloi'ide,  FejCljj  the  first  may  be  obtained 
by  diseoWing  iron  in  hydroqhloiio  acid,  aad  the  saoond  by  treating  the 
Bosyuioxide  in  the  same  mauner.     They  poaseaa  no  particular  interest.  , 

437.  Sulphides  of  Iron,— Tbe  pToto&idpliide,  FeS,  of  iron  ia 
readily  formed  by  heating  a  mixture  of  iron-filings  and  sulphur, 
or  by  pressing  a  bar  of  iron  heated  to  whiteness  into  a  mass  of 
sulphur.  Tbe  sulphur  and  iron  conibine  with  great  energy,  and 
the  liquid  sulphide  collects  in  a  mass  at  the  bottom,  forming,  on 
cooling,  a  bard,  brittle  solid.  It  is  used  in  preparing  hydrosul- 
pburio  ooid  (263). 

Bisulphide  of  iron,  FeSj,  is  tbe  -iron  pyrites  of  mineralogists. 
It  is  of  a  beautiful  yellow  color,  resembling  gold,  for  which  it  has 
often  been  mistaken.  It  is  usually  crystalizad  in  cubes.  It  ia 
used  in  tbo  manufacture  of  green  vitriol  and  sulphuric  acid,  and 
sometimes  for  extracting  its  sulphur. 

Though  the  sulphides  of  iron  are  very  abundant  in  nature,  tliey 
cannot  be  used  for  the  estraeilon  of  the  metal,  because  of  the 
great  espense  it  requires,  and  the  iron  obtained  is  of  an  inferior 
quality, 

438.  Carbonides  of  Iron, — Beth  cnst-iron  and  steel,  as  we  have 
seen,  are  considjred  as  carbonides  of  iron,  but  the  ingredients  do 

Questions. — What  ia  tlie  red  ochre  of  painters  1  What  is  the  natm-al 
magnst^  or  loadstone?  436.  Describe  tbeoWorides  of  iron.  43T.  Describe 
the  sulphides  of  iron.  How  may  the  protosulpliido  bo  formed  ?  For 
wliat  is  the  Msulphido  sometimes  mbtnkcn !  43S.  What  is  sold  of  the 
carbonides  of  li'on  ? 
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not  see  u  to  be  u  ed  exa  ly  defin  e  p  op  t  ou  Ca  t  rou 
usually  c  ot.  na  fon  to  5  jer  oe  t  ot  ca  boD  wh  le  steol 
seldom  conta  ns  aa  m  el  as  2  per  cent  G  n^h  ealled  also 
/  u  hajo  and  hi  J  i  M  aa  been  coog  dered  as  i  c^  bon  le  of 
on  but  p  obablj  t  s  only  a  part  cular  form  of  carbo  u  ually 
CO  a  B  Da  a  [ortun  of  on  aa  an  locdenta!  a  pur  y  It  is 
1  und  abuodiu  tly  a  natu  e  and  a  ise  1  n  lie  minufactu  e  of 
]  eno  Is  and  oruc  bles  and  as  a  pol  ik  u^  powder  for  stoves  and 
o  I  cr  art  clea  made  of  ron 

n  Fel    s  f    meff  bv  d    e  tanE     on  fi     ^  o   w   e  in 
n  d      It  is 


S«       flo 

439  Carbonate  of  Iron  F  0  CO  ooo  a  nat  ve  an  1  s  called 
OT  s  I  0  ly  ne  abg  s  4.  npure  va  iety 
s  ailed  1  J  o  to  It  ay  also  bo  ob  ned  ly  ailing 
olu  n  of  ca  b  a  e  of  da  to  ol  t  on  of  g  en  tr  ol  Car- 
bonate of  on  thouoii  nsoluble  n  pu  e  water  is  1  bsol  el  by 
w  ereb  gelwhcabnoad  and  a  thus  contained  n  the 
wjtei  oi cJiali/ieatc  sp?iiii!)i, 

440.  Snlpliate  of  iron,  'EeO,SO,.— This  edtU  the  r/reenvifi-iol 
or  coppai-as  of  commerce,  so  ostensiyely  used  in  the  arts  In  ovys- 
talH  it  contains  7  eq.  of  water,  and  its  formula  of  course  is  FeO.SOa 
H-7H0.  The  crystals  belong  to  the  mouoclinio  system.  It  is  a 
sulphate  of  the  protoxide,  and  is  prepared  oa  a  large  scale  at 
Straffordy  Vermont,  and  other  places,  from  iron  pyrites,  which 
is  first  roasted  slightly,  and  then  exposed  in  heaps  to  tho  atmo- 
sphere,  from  which  osygen  is  absorbed,  converting  the  sulphur 
into  sulphuric  acid,  and  the  iron  into  oxide  of  ironj  the  two' 
together  then  uniting  to  form  the  salt  in  question.  For  use  in 
tlie  laboratory,  it  is  readily  formed  by  the  actiou  of  dilute  oil  of 
vitriol  npon  metallic  iron.     It  often  forma  upon  speoioiens  of 

Question  a. —What  is  Krapbita?  489.  Is  carbonate  of  iron  found  nii- 
tive?  "Wlmt  is  it  c.tlled  by  miiici-a!o(psts  ?  440.  What  is  the  gi'ooii 
vitriol  or  coppeius  of  conjmetoe!  How  is  it  maiiuftwitHrud  inVennont? 
WliatuKoiBmadeoIit! 
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iron  ores  contained  in  oabiDets,  hj  tiie  action  of  the  atmofipliere, 
and  is  seen  as  a  jellowiah-wiiite  powder. 

It  is  used  tu  ooloring  blaolt,  and  in  the  maBufaoture  of  writing- 
ink,  and  for  other  purposes. 

When  this  salt  is  heated  it  first  parts  with  its  water,  and  at 
a  full  red  heat,  with  its  sulphuric  acid,  a  portion  of  which  is  de- 
composed into  sulphurous  acid  and  osjgea,  but  the  rest  passes 
off  unchanged.  By  the  ozjgen  of  the  decomposed  acid,  the 
iron  is  perosydized,  forming  the  colcothar  of  commence,  before 
mentioned. 

441.  ITitrate  of  Iron,  PeO.BOj. — Kitiio  aoid  aota  readily  upon  iron,  and 
nt  the  same  time  will!  tlie  nitrate  of  iron  there  is  formod  iJso  nitrate  of 
ainmouia,  iJie  ammonia  being  produead  by  the  union  of  a  portion  of  tlie 
nitrogen  of  the  aciil  with  th&  bjdrogon  of  the  water.  Xha  nitiio  aoid 
should  be  oonsidorablj  diluted. 

442.  Tests  of  Iron. — The  usual  test  for  iron  is  solution  of  yel- 
low prnssiate  of  potash,  which  forms  with  it  a  beautiful  blue.  For 
an  experiment,  Jet  a  small  quantity  of  common  hydrochloric  acid 
be  largely  diluted  with  water,  and  then  pour  into  it  a  few  drops 
of  Bolntion  of  this  prussiate,  which  will  instantly  give  a  fine  sky- 
blue  oolor  if  iron  be  present  in  the  acid,  as  is  almost  certain  to  be 
the  case.  The  iron  is  derived  from  the  utensils  made,  use  of  in 
the  manufacture  of  the  aoid. 

With  tincture  of  nutgalls,  the  soluble  salts  of  iron  form  at  Crat 
a  dark-blue  precipitate,  which  finally  becomes  blacls. 


CHROMIUM. 

Sj/nihol,  Cr;  Equivalent,  26-7;  Densifff,  G- 

443  History  Etc— Ch  cm  urn  was  dscoverei  n  I7J7 
sfud  ncnsd  rable  abnndan  e  a  Mas..ach  se  I 
jl  una    val  o  her  States     n  th      n  noral  called    Jo  o 

pn  1     1  0    n  CO  nb  n     on  w  h  oi  I    of  lead       I  s  c  o  e       n 
f  ora  the  G-  eek    J  om     color    n  all       n  to  th     pi  nd  d  c  1 

QnBBr[0B3.--4*l.  How  is  nitriite  of  u-on  f,.niied7  <W2.  Whsit  tee 
of  iron  are  mentioned  ?  4<13,  IVliat  is  said  of  chromium  ?  Frnni  whiit 
the  name  derived ! 
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of  many  of  its  compounds.  It  is  prepared  by  heating  its  oxides 
mixed  witb  charcoal,  but  not  without  difficulty.  The  metal  has 
a  white  color,  and  distinct  metallic  lustre.  It  is  very  brittle,  and 
with  difficulty  fusible. 

Metallic  chromium  is  not  used  in  the  arts,  but  sovei-al  of  its 
compounds  are  important. 

Binari/  C'ompoimds  of  Chromium, 

4A&,  Oxides  of  Chrominm. — Osygen  forms  several  ccuipounds 
with  chromium,  which,  in  composition  and  many  of  their  pro- 
perties, are  analogous  to  the  oxides  of  iron  and  mangaueso ;  so 
that  these  three  metals  form  a  kind  of  natural  family,  in  the  same 
manner  as  potassium,  sodium,  and  lithium.  Only  two  of  these 
osides,  the  sesquioside,  CrjOj,  and  the  teroside,  or  chromic  acid, 
CrOa,  are  of  sufficient  importance  to  claim  attention  here. 

Tha  former  of  llicae,  OrSt^.  in  combination  with  profoxido  of  iron,  foiin- 
iug  tha  oompoDnii,  FeO,Cr,6s,  cooatitutas  )ia  native  cAronifo  iron,  ■which 
is  the  most  abundant  ore  of  the  metal.  It  may  be  prepared  by  vavions 
modes,  but  tha  following  is  perhaps  &e  best,  as  it  leaTea  the  ojido  in  a 
proper  atftte  for  uae  in  the  srta.  Hoat  in  «,  omoible  tm  iiifenate  mixture 
of  i  parts  of  biohromato  of  potash  and  1  part  of  starch,  and  waah  tbo 
niass  thoroughly  with  hot  water,  to  Beparote  the  carbonate  of  potash  that 
has  been  formeiL  The  residue,  after  being  dviod,  is  again  heated,  and 
fJie  pui'e  sesquioiicio  remains. 

Seaquioiide  of  clironiinm  ia  not  decomposod  by  heat,  and  when  fused 
with  flaxes,  it  impartB  to  diem  a  green  color.  It  ia  used  in  atainjng  glass 
iinfl  poroelain.    It  replaces  alumina  (415)  in  the  oliromio  almcs. 

Chromia  acid  CrOj,  is  prepared  bj  deoompoaing  a  eaturatad  eolutiou 
of  Ijiohrcmate  of  potaah  with  1 J  times  its  Tolnme  of  oil  of  ritiiol ;  bieul- 
pliate  of  potash  is  formed,  and  the  chromic  acid  separates  in  biilliaiit 
red  oiystala,  which  are  very  soluble  in  water,  and  deliquescent  iu  the  air. 
It  is  a  powerful  oijdiiing  agent,  and  sti-ong  alcohol  thrown  upon  the  dry 
crystals  is  vary  soon  inflamed.     With,  bases  it  foiius  important  salts. 

The  cMoridea  and  sulphides  of  chromium  are  not  important. 


445,  The  Chromates  of  Potash  are  formed  by  heating  a  mix- 
ture of  native  chrome  iron  in  powder  with  nitre,  digesting  the 

QuKSTioNB. — 441.  "What  is  said  of  the  oxides  of  cluomium  ?  How  may 
the  sesquiosida  be  formed?  How  is  ohromio  acjd  prepared?  What  fs 
said  of  the  action  of  aloohol  upon  it?    445.  How  is  biclu'oniato  of  potaidi 
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mass  obtained  in  liot  wafer,  and  saturating  tlie  solution  with  dilutn 
sulpburio  acid.  After  a  iittle  time  tlia  dear  red  liquid  is  poured 
off,  and  evaporated,  wlien  crystals  of  bichromate  of  potash,  KO, 
2CrOj,  are  separated,  from  the  esoess  of  sulphuric  aoid  present, 
and  the  snlpha,te3  of  iron  and  alumina. 

The  neutral  ch/romate  of  potash,  KO,0rOa,  is  now  easily  pro- 
cured by  neutralizing  a  solution  of  the  bichromate  with  carbonate 
of  potash,  and  crjstalizing. 

Tbe  bichromate,  which  is  of  a  deep  red  color,  is  much  used  in 
dyeing,  and  in  calico-printing,  and  for  many  purposc^!  in  ]hv. 
cboraical  laboratory. 

446.  Cliromate  of  Lead,  PbO,CrO,.  —  This  is  tlio  beautifii] 
chrome  yellow,  used  as  a  paint.  It  ia  formed  by  mising  solutions 
of  f    h      h    n  f  I     Tsli    ni  r  nitrate  of  lead. 

The  b  y  f  h  1  wUdp  d  n  wl  on  the  strength 
of  th       1  d       d      h  m  Chrome  </ree7i  is 

form  dby  g  h  fldwh  Prussian  blue,  in  a 

par      1         g  h    p  f  m       f     u 


Si/mhol,  Zn;  Equivalent,  32*5;  Densilj/,  7. 

447.  History.— This  metal  has  been  known  several  centiiriep, 
hut  was  not,  for  many  years,  much  used.  Its  cbief  ores  ai-e 
calamine,  which  is  a  native  carbonate,  and  blende,  whicii  is  a 
sulphide;  but  seTeral  others  ave  known.  These  ores  are  found 
in  considerable  abundance  in  New  Jersey,  and  other  parts  of  this 
country. 

448.  Preparation,  —  The  ores  of  Einc  are  rcfjaeed  by  lirst 
roasting  them  in  the  open  air,  and  tben  (K.^filling  them  wiUi 
charcoal  in  close  crucibles,  from  which  a  tube  descends  directly 

QTrBSrlOMB. — How  is  the  neutral  ohromato  of  potash  fiirmed  f  4-LS.  Dc- 
,soribe  tlia  mode  of  preparing  chromata  of  lead.  By  ivhut  ijiiinc  is  U 
t'aim'li.Ti-lj  known!  What  nse  its  made  of  it?  How  is  ohruiao  i;raijn  pre- 
pared? 447.  Has  irine  bean  long  known!  What  ofos  of  it'nro  mtn- 
tioiied!     4-iy.  Dosoiibe  the  mode  of  rednoing  tlie  ineM  from  ita  ores. 
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tbrough  tlic  bottom.  The  metal  is  volatilized  by  the  heat,  and 
depceiiils  tbrough  tLe  tube,  from  ivhicli  it  is  received  into  a 
vessel  of  water.  The  necessity  of  excluding  the  air  perfectly, 
arises  from  the  fact  tliat  yapor  of  zinc,  on  coming  in  contact 
with  the  OS}  gen  of  the  tir,  is  at  once  osydiaed,  and  the 
object  of  baung  the  tube  wbiob  conyeys  away  the  volatilized 
metal  piss  diieotly  downwaid,  is,  to  presene 
its  icmpevature  bo  high  that  it  shall  not  be 
come  clogged  by  tbe  condensed  metal 

The  figure  in  the  maigin  lepieaents  the  'ootion 
of  a  otuoible  nsed  for  this  purpose,  with  its  charge 
of  ore  and  charcoal,  and  tnbe  made  of  file  ola; 
passing  downward  throagh  the  liottom  The  oorer 
IS  oarofnlly  luted  on  and  it  is  suppoiied  a  little 
abOTB  the  grate  of  the  fUrmwse  by  a  file  brick. 
The  zinc  ia  it  is  separated  front  the  ore,  taking 
the  piseons  state,  passes  downnavd  tiuough  the 
tube  into  a  basin  of  water  placed  below  to  icoeiYB 
it  The  part  of  tbe  tube  below  the  bottom  of  the 
erneible,  not  being  suiroonded  by  iho  firo,  lemaina 
comparatively  cold;  and  the  metal,  before  it  reoohos 
the  wator,  is  coadensed  to  the  liquid  state,  and  falls 
in  drops  into  tlie  water. 

Coraineroial  zinc  usually  contfdns  iron,  lead,  and 
—  other  impurities,  from  most  of  whicli  it  may  bo 

separated  by  diEtillation  in  this  manner. 

449  Tropertiea  — Zino  has  a  bluish  white  cilor  and  a  strong 
metallic  lustre  In  masses,  xt  ilwajs  has  a,  highly  orystaline 
structurp,  ind  in  ommerte  it  is  called  •^pdlrr  When  cold  it  is 
quite  brittle,  but  heated  to  about  300°,  it  becomes  malleable, 
and  may  be  loUed  into  thm  sheets  Heated  to  773°,  it  melts; 
at  a  httle  higher  temperituie,  m  the  open  an,  it  tates  fire  and 
burns  with  a  biiUiant  white  flame,  producing  the  jiotoside,  which 
assumes  an  exceedingly  dolioate  gossamei  appearance,  and  has 
been  eailod  mhtl  allmm,  phtlosophe)  s'  wool,  ind  by  other  names. 

Zino  la  maeh  used  m  the  arts,  in  the  prepiration  of  brass,  in 
the  eonstiui-tion  of  gdvinic  batteries,  and,  rollel  in  thin  sheets, 
as  a  ouliilitute  for  sheet  iion  and  tin  plate 


Cradble  f™  roducing 


QuBsno-JS  — Why  IS  it  necc  lary  t;  nxrludo  tie  air'  Dcaoriho  the 
lormof  nacHe  uped  m  icilnom,;  tfiose  o  es  440  Uaseribo  the  pro- 
perties of  line  Wh\t  is  its  moiling  point;  'VUiat  is  pioc'aioMi  lyliou  it 
\e  liiglily  he  iled  in  tlie  opo  i  an  I    What  one  is  miilo  of  aino  f 
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onsideralily  used  as  a  coatiDg  for  siieot-iron,  in  the  same  mam 
3  tin,  to  protect  it  from  oxydation,  The  iron  thus  prepared 
nown  in  the  arts  as  galvanised  iron. 


Binary  Compoundi  of  Zinc. 

480,  Protoxide  of  Zinc,  ZnO.—This  is  the  only  oxide  of  zinc 
known.  It  is  of  a  yellowish-white  color,  and  may  be  prepared,  as 
ahove  described,  by  heating  zino  in  the  open  air,  or  hy  precipi- 
tating it  from  solution  of  white  vitriol  (sulphate  of  zinc)  by  car- 
bonate of  ammonia.  It  is  ranch  used  in  painting  as  a  substitute 
for  white  lead ;  and  is  manufactured  on  a  large  scale  directly  from 
the  ores  of  ainc,  in  France,  and  in  New  Jei-sey. 

451.  Chloride  of  Zine,  ZnCI— Chloride  of  zinc  is  formed  by 
dissolving  commercial  zinc  in  hydrochloric  acid,  or  hy  burning 
zinc  in  chlorine  gas.  By  evaporation  it  may  be  obtained  as  a 
white  solid,  but  is  very  doliquesoont  in  the  air,  Slixed  with 
sal-ammoniac,  it  serves  an  excellent  purpose  in  tinning  articles 
of  copper,  brass,  and  other  metals. 

Sulnhido  of  Zinc  ZnS, — This  oornpound  of  zinc  is  fovni'l  nntiYe,  and 
eonstitiifea,  as  has  been  stated,  one  of  its  ores.  It  may  be  prepared  ai-ti- 
Geially  by  heatini;!  fJie  metal  with  sulphur. 

Salts  of  Zinc. 

There  are  several  salts  of  zinn,  but  the  most  important  is  the 
following  :- 

453,  Sulphate  of  Sine,  ZnO.SOj,— Sulphate  of  zinc  is  a  white 
salt,  which,  in  commerce,  is  called  white  vitriol.  It  is  very 
soluble  in  water;  and  is  sometimes  t^ed  in  medicine  as  a  power- 
ful emetic. 

The  ordinary  salt  contains  7  atoms  of  water  of  erystalization, 
and  its  formula  is  ZnO.SOj-f  7H0;  but  by  using  the  proper 
means,  it  may  be  crjstalized  with  5,  2,  or  even  1  atom  of  water. 

QiiKSTiows.— 4r>0.  What  is  fie  only  oxvde  of  sine  that  is  known  ?  "What 
iiso  is  made  of  it?  451.  How  is  oUoride  of  zinc  formed?  To  wliat  use 
is  it  applied  ?    452.  Whdt  is  sulplmte  of  sine  ealled  in 
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Oiiile  of  sine  is  preoipitnted  ft-om  ils  soluble  sails  by  the  eaustio  olka- 
lles,  bttt  the  precipitate  is  again  diaaolyad  by  an  csoess  of  the  alkali. 
Carbanale  of  line  is  founti  native,  and  called  calamine. 


Syinhol,  Cd;  Equivaleni,  56;  Denaii^,  8-6. 

453.  History,  Etc.— Cadmium  is  a  very  volatile  metal,  usually 
found  associated  with  zinc.  In  appearance  it  can  scarcely  be  distin- 
guialied  by  the  eye  from  tin,  but  is  rather  harder.  It  melts  at  442", 
— the  melting  point  of  tin, — and  sublimesata  temperature  but  little 
above  the  boiling  point  of  mercury.  Its  properties  indicate  that 
it  would  be  a  useful  metal  in  the  arts,  but  it  has  hitherto  been 
found  only  in  email  quantities. 

Protoxide  of  Cadmium,  QiO,  is  the  only  eoniponnd  of  these  two  olements 
that  is  knoTrn. 

The  proijsiilpliido,  CdS,  is  foimtl  nati've,  as  ftizgrsnockik  of  mineralogists. 


Sf/mhol,  So  (^Stannvni);  Equivalent,  58;  Density,  1Z. 

454.  History.  —  Tin  has  been  known  from  the  most  remote 
antiquity,  and  was  in  oommoQ  use  in  the  time  of  Moses.  It  ia 
supposed  the  ancients  obtained  it  chiefly  from  Cornwall,  England, 
the  mines  of  which  still  yield  a  large  part  of  the  tin  of  commerce. 
It  ia  found  also  in  India,  Germany,  Ciiili,  and  Mexico;  but  has 
not  yet  been  discovered  in  the  United  States,  eseept  a  few  small 
crystals  of  the  oside  in  Ciiesterfield,  Maasaohusetta,  and  at  Mid- 
dletown,  Connecticut,  and  a  small  vein  of  the  same  ore  in  the 
town  of  Jackson,  New  Hampshire.  The  chief  ores  ne  the  nxide 
and  sulphide. 

455.  Preparation  and  Properties.  —  Most  of  the  tin  of  com- 
meroe  is  obtained  from  the  oxide,  which  is  reduced  by  the  action 

QiFBSTiOKB. — 458.  What  is  said  of  cadmium  ?  Wliat  is  its  melting 
point?  '454.  Has  tin  baen  lon|  known?  Where  was  it  obtained  m 
undent  times?  Wh.it  eomitries  now  prodnoe  Hnt  Ii  it  toimd  in  the 
United  States!  .What  ore  the  chief  ores  of  tin!  4'>5  Mention  some 
of  its  moi'o  impovlant  pi-oporties. 
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or  charcoal  at  a  high  temperature.  It  is  a  brilliant  whito  metal, 
like  silver,  hut  is  less  hard  than  the  latter  It  is  rery  malleable, 
and  is  rolled  into  very  thin  leaves,  called  tin-foil.  It  is  iaelastie, 
and  when  a  rod  of  it  is  bent,  a  peculiar  crackling  noise,  called  the 
ci'j/  of  tin,  is  produced,  occasioned  by  its  orystaline  structure.  It 
melts  at  442°,  and  at  a  red  heat  is  rapidly  oxydized;  at  a  white 
heat  it  bums  with  flame. 

Tin  is  not  readily  acted  oa  by  the  atmosphere  or  by  moistare,  hut  ie 
disisolveii  slowly  by  hydroohlorio  aoid,  formiiig  oliloride  of  tin,  and  by  - 
hot  Bulphurie  acid,  foiining  snlphate  of  the  protoxide;  by  dilute  nitric 
acid  it  is  converted  into  the  bino^dde,  which  is  insoluble  iu  tbc  acids. 

TTses. — Tin  is  used  for  many  purposes  In  the  arts,  both  alone 
and  combined  witli  other  metals,  as  in  Britawiiia  metal,  which  ia 
an  alloy  of  tin  and  antimony,  with  a  small  proportion  of  copper. 
It  is  also  used  extensively  to  coat  slieets  of  copper  and  iron,  to 
prevent  the  osjdising  influence  of  the  air  and  moisture,  and  other 
agents.  Thin  sheets  of  iron,  coated  over  with  tin,  coustitute  the 
well-known  and  highly  useful  tin-plate. 


Binary  Compownda  of  Tin. 

4S6.  Oxides  of  Tin.  —  There  are  two  well-defined  osidos  of  tin,  the 
protoxide,  SnO,  and  the  peroxide,  SnOj;  but  the  latter  alone  possessua 
safficient  importance  fcD  require  a  dasoriplJon. 

P^Bxide  of  Tin  is  formed  by  exposing  the  metal  to  its  action  of  nitric 
Koid  a  little  diluted.  It  may  alao  be  precipitated  6-om  a  solution  of  the 
porohloride  of  tin  (soon  to  be  described)  by  an  alkaK.  &s  obtained  by 
the  mode  last  mentioned,  it  is  solubla  in  aoids,  but  not  as  procured  by  the 
other  mode.  It  is  of  a  yellowish-gray  color,  and  from  the  ciroumatanoe 
tliat  it  is  capable  of  combining  with  bases  in  t^e  manner  of  an  aj^d,  it 
has  been  called  stiaaiit  aeid.  It  is  much  used  as  a  polishing-powder, 
under  the  name  of  ptaty  of  tin.  Moltsd  with  ingredients  for  forming 
glass,  it  produces  a  white  enamel. 

487-  Chlorides  of  •nn.—Proiockloride  of  Tin,  SuCT,  is  formed  hj  dis- 
solving fha  metal  in  boiling  hydrochloric  acid.  By  OTaporating  the 
Eolation  it  may  be  obtained  in  crystals,  which  contain  3  eq.  of  water. 
It  is  nsxti  as  a  mordant  ia  dyeing,  and  as  a  powerM  deosydizing  agent 
in  tie  kboratory.  The  percUoride,  SnCl,,  is  formed  by  distilling  a  mix- 
ture of  1  part  of  tin-filings  and  3  ports  of  corrosive  sublimate,  or  by  can- 

QunsTioBS. — To  what  use  is  tin  applied  ?  What  is  Hia  (jn-piate  of  com^v 
iiieroe!  456.  What  osides  of  tin  are  known!  What  ia  the  siibstaaoe ' 
palled  ptiUy  of  tin?    To  what  use  is  it  applied?    457.  What  chlorido3 
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3Gi  COBALT. — BISAEt    COSiPOUNDS    OF   COBALT. 

tioiisly  dissolving  the  motal  in  nitro-iiydrochloiio  acid.  It  is  much  used 
an  a  mordant  in  dyeing,  and  a8  a  diainfeoting  agent. 

Tliere  are  two  sulphides  of  tin; — th.6  persuiphidt,  ScSj,  aomo  times  called 
awiim  mTiaivani,  or  moiak  sold,  baa  a  yellow  color,  and  metallic  lustre, 
ajid  is  used  as  a  paint,  and  oJso  instead  of  the  aina  amalgam  (90)  for 
esciSng  eleoh'ical  machinea. 

Inhere  are  so  important  ealts  of  tin. 


Symbol,  Co,  EQuiitthnf,  29  5,  DensilT/,  8-5. 

458  History,  Etc  — Cobalt  n  almost  ilwajs  found  associated 
with  mckel,  the  metal  next  to  be  deacnbed , — as  found  in  mines 
both  aro  usually  w  onmbmation  with  irsenic.  The  pure  metal 
IS  obtams,d  with  some  difficullj  The  best  mode  is  to  heat  osa- 
hte  of  cobilt  in  a  small  eiuoible,  on  which  a  cover  ia  closely 
luted  It  18  of  a  reddish  white  color,  and  is  hard  and  britile,  and 
difficult  to  fuse.     It  is  capable  of  becoming  magnetic. 

Cobalt  is  oomparaUvely  a  rare  metal.  In  comhination  with  arsenic,  it 
is  found  at  CbaUiam,  in  Connecficut,  in  the  minerals  called  emalline  and 
cliloantliile. 

Binary  and  Olher  Compounds  of  Cuholi. 

469.  Oxides  of  Cohalt. — There  ai"e  two  oxides  of  cobalt,  the  proloi.ide, 
CoO,  and  the  essmiioxide,  Co^Oj,  tbe  former  of  which,  mixed  with  soma 
impnriiies,  ia  sold  in  commerce  as  a  gray  powder,  onder  Ihe  name  of 
zoffre.  Fnsed  with  silica  and  potash,  it  forms  emali,  which  is  naod  for 
coloiing  glass,  porcelain,  &c. ,  blue.     The  aesqui  or  peroxide  is  nnimportont, 

4S0.  Chloride  of  Cobalt,  CoCl,  is  formed  by  dissolTing  zaffro  m  hydro- 
ohlorio  acid.  The  solution  has  a  pink  color,  and  yields  by  eraporation 
small  crystals  of  the  same  tint.  Writing  made  with  a  diluted  solution 
of  it  is  nearly  inyisible,  but  bBcomes  of  a  beautjflil  but  pale  blue  colo* 
when  13ie  paper  is  warmed  by  the  fire,  and  again  disappears  as  the  paper 
oools.  It  has  been  called  Sdlol's  Sympathelk  Ink.  The  addition  of  a 
salt  of  nickel  gives  the  writing  a  green  color. 

The  salts  of  cobalt  possess  no  especial  interest.  The  suboai-bonate  is  a 
fine  powder  of  a  very  delicate  pink  tint. 

Qhebtions.— What  sulphides  of  tin  are  there  !  458.  With  what  otlier 
motal  is  cobalt  nsually  found  associafad!  Whore  ia  this  metal  found! 
■159.  What  osidesof  cobalt  are  there !  460.  How  is  chloride  of  cobalt 
formed?     Dosonbo  the  mode  of  using  Hellot's  Sympathetic  Ink 
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4S1.  History,  Etc. — Nickel  and  cobalt,  as  before  intimated, 
are  in  nature  almost  ioseparable  corapanjona.  ArseBical  nickol 
and  cobalt  arc  found  at  Obatham,  in  Connecticut,  and  also  iii 
Missouri,  and  in  various  places  in  Europe ;  but  mines  of  these 
metals  are  cot  common.  Nickel  is  generally,  if  not  always,  com- 
bined with  Bieteoiic  iron  (431),  of  the  mass  of  which  it  sometimes 
constitutes  as  much,  as  ten  per  cent. 

Pure  nickel  has  a  grayish-white  color,  and  strong  metallic 
lustre.  It  is  quite  hard,  but  malleable,  and  is  nearly  as  difEcuU 
to  melt  as  iron.  Like  iron  and  cobalt,  it  is  capable  of  becoming 
magnetic.  It  is  not  readily  acted  upon  by  the  air  or  by  moisture. 
It  is  much  used  in  the  arts  to  forni  the  alloy  oilled  German 
silver,  which  is  composed  of  copper  10  parh,  zinc  6,  ind  nickel  4. 

None  of  the  oompouutls  of  nickel  po'sscss  auffitaut  interest  to 
require  description  here. 
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MeUth  vihkh  are  iasapabie  of  decomposing  water,  and 
whose  oxides  are  aol  redwced  by  the  mere  action  of  heat. 

All  of  tliem,  esoept  laad  and  copper,  aie  biiltlo ;  and 
all,  except  nnlJmoii^,  bismuth,  lead,  and  oopper,  afe 
fusible  only  at  very  high  teuiperatui'ea. 


Symbol,  Sb  {Stibium);  Equivalenl,  129;  Dmsit;/,  6-7. 

462.  History,— Antimony  is  remarkable  as  having  been  the 

first  metal  discovered  after  the  seven  metals  (332)  known  to  the 

Questions. — 461.  What  is  siid  of  the  metal  nickel?  In  what  is  it 
almost  always  found!  Describe  the  metal.  For  wliat  isit  uscrt!  How 
ai-B  the  metals  of  Group  V.  characterized  ?  Name  the  metals  of  Ihia 
group.     482.  For  what  ia  antimony  i-emarkaLilB? 
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ancients.     It  bas  been  found  in  the  metallic  state,  but  ia  prepared 
chiefly  from  the  sulphide,  which  is  not  of  iinfreqnent  oecurrenee. 

463.  Preparation. — The  metal,  callod  also  regulus  of  anlimon^, 
ia  obtained  by  heating  the  sulphide  with  iron-filings,  or  carbonate 
of  potash.  When  iron-fiiinga  are  used,  the  sulphur  ia  siiiiply 
transferred  from  the  antimony  to  the  iron,  and,  of  course,  sul- 
phide of  iron  is  formed ;  hut  the  metai  thus  obtained  always 
contains  a  portion  of  iron,  and  ia  otherwise  impure.  By  the 
other  process,  the  sulphur  is  converted  into  sulphuric  acid,  which 
combines  with  the  potash,  forming  sulphate  of  potash  ;  and  the 
inetallie  anticnony,  being  thus  set  free,  falls  to  the  bottom  of  the 
crucible. 

464.  Properties, — Antimony  is  a  very  brittle  metal,  of  a  white 
color,  and  brilliant  lustre.  It  always  has  a  highly  crystaliue 
etruoture,  and  melts  at  a  temperature  a  little  below  redness;  a,ncl 
may  be  slowly  distilled  ia  a  curretit  of  hydrogen  gas.  A  small 
fragment,  heated  on  a  piece  of  charcoal,  before  the  blowpipe, 
takes  fire ;  and  when  thrown  upon  the  floor  breaks  into  numerous 
globules,  which  coutioue  to  burn  as  they  are  scattered,  leaving  a 
train  to  mark  their  path,  and  filling  the  air  with  fumes  of  the 

465.  Alloys  of  Antimony. — Antimony,  being  very  biittle,  is 
not  adapted  for  use  alone  in  the  arts,  but  with  other  metals  it 
forms  several  very  useful  alloys.  Ooe  of  these,  called  Brilannia 
metai,  is  composed,  of  tin  88  or  90  parts,  and  antimoDj  12  to  10 
parta.  Sometimes  a  small  proportion  of  copper  ia  added,  not 
esceeding  3  or  4  per  cent,  of  the  whole. 

Its  alloy  with  lead  will  be  described  hereafter. 

Binai-y  OonvpouiidB  of  Antimony. 

4G6,  Osidea  of  Antimony. — Antjmony  forms  with  oxygen  two  coiii- 
pounds  which  are  well-deiioad,  viz.,  oxide  of  antimony,  SbOj,  and  Hiiii- 
monio  aeii),  SbOs;  but  these  are  capable  of  combining  with  each  other  so 
as  to  form  one  or  two  othei'  iutermediate  compoands. 

QnEaTioNs.-^6S.  How  is  antimony  ohfained  from  the  native  anlphide  ? 
Doaocibe  t!i6  two  procasBBS.  461.  Desoribe  the  metal.  How  is  it  aft'eoted 
when  intensely  Seated  in  the  air!  465.  What  alloys  of  anumouj  sre 
used  in  tho  oi'ts?     4(i6.  What  oiiiies  of  antimony  ai-e  mentioned  t 
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487.  ChloriiiBs  of  Antimony. — There  are  two  chlorides  of  antimony, 
SbClj,  and  SbCls.  oorreaponding  in  composition,  it  -mil  be  seen,  with  the 
oiidoa.  The  tercMoride,  SbClg,  ia  sometimeB  called  butta-  of  antimony. 
It  is  soluble  in  a  small  ijuatitity  of  water,  bnt  if  tbe  solution  be  diluted,  a 
white  powder  ia  preoipilited,  oaJled  powder  of  al^eroth.  It  is  an  osy- 
chloride,  SbClj,2SbOB  +  HO. 

4fl8.  Solphldea  of  Antimony. — Two  sulphides  of  antinjony  are  known, 
corresponding  in  oompoaition  with  the  oxides  and  chlorides,  and  having 
tho  formnlffi  SbSj,  and  8b9.,  The  firat  of  these  is  tiie  natiye  sulphide  ;- 
when  this  is  roasted  in  tbe  air,  oxygen  ia  absorbed,  and  oxysnlpliid 
of  antimony,  8bSj  4-  SbOj,  is  formed,  often  called  glass  of  anUmmy,  or 
liver  ofaniiraony. 

When  the  native  sulpliide  is  boiled  in  a  soludon  of  potaesa  or  soda,  a 
liquid  ia  obtained,  from  wMoh,  on.  cooling,  an  orange-red  matter  is  de- 
posited, called  Ksrmet  minsral.  On  subsequently  nenlraliiing  the  oold 
solulion  witli  an  acid,  the  golden  sulphide  of  the  phartnacopceia  is  ob- 
tained. Tbese  compounds  now  possess  little  interest,  but  formerly  were 
much  used  in  medicine. 

The  salts  of  antimony  are  unimportant,  except  tarlar  emetic,  used  in 
medicine,  which  will  be  described  hereafter. 
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be  obtained. 

The  metal  is  uncbanged  in  tbe  atmospbere,  but  tarnishea 
sligttlj  by  moisture.  Heated  in  tbe  open  air  it  burns  witli  a 
bluish  flame. 

It  is  too  brittle  for  use  by  itself  in  the  arts,  but  with  some  other  metnls 

QuESllONS.— 467.  What  is  said  of  the  chlorides  of  antimony?  468,  What 
sulphides  of  antimony  are  known?  469.  Is  bismuUi  fmmd  niitivo ?  Uu- 
scribo  the  metal.  Miiy  it  be  obtained  in  crystals!  What  is  said  of  its 
use  in  the  artst 


H.,t.db,  Google 


it  forma  impoi'taiit  alloys.     U  may  be  substituted,  in  ivljole  ■ 
aaljmony  iu,  Britannia  matal  {195). 

In  some  of  their  clieinioal  properties,  antimony  and  bismi 
gous  to  phospliDi'us  and  ai'semo,  Oinil  also  to  sitj'ogen. 


Binary  and  other  Compowndi  of  Bismuth. 

Thoro  are  Eovern]  osiiJes,  chlorides,  &o. ;  but  they  possess  no  special 
interest. 

4T0.  Hitrata  of  Biemnth,  BiO.NO,.— This  salt  is  formecl  ijj  dissolving 
the  metaJ  in  nitrio  aoid.  It  is  soluble  immtw;  hut  if  the  solution  is 
largely  diluted,  the  salt  is  decomposed,  and  mbnilraU  of  bismulh  p 
tatecl.     This  last  salt  18  used  in  medicine,  and  also '' 


S!jmhol,V\i  {Flainhiim.);   BquiuaJeiU,  lO^u  ;   Dmsi!^,  ll-ii. 

471.  History, — Lead  is  one  of  the  seven  metals  known  to  tbe 
ancients.  Its  most  important  and  most  abundant  ore,  from  wliioh 
ali  the  lead  of  commeroe  is  extracted,  ia  the  sulphide,  tho  galena 
of  mioeralogiata ;  but  it  is  found  in  many  other  forms,  as  carbonate, 
salphatGj  phosphate,  &c.  It  is  very  abundant  in  different  parts 
of  this  ooucti-y. 

473,  Preparation. — The  metal  ia  reduced  from  the  native  sul- 
phide by  first  roasting  it  in  tbe  open  air,  and  subsequently  heating 
it  with  lime  in  a  charcoal  fire.  Tbe  ore  usually  contains  a  little 
silver,  wbioh  remains  in  combination  with  the  lead. 

The  metal  is  also  easily  reduced  by  heating  the  native  sulphide, 
iu  fine  powder,  witii  iron  nails,  in  a  close  crucible.  The  sulphur 
of  the  ore,  in  this  case,  passes  directly  to  the  iron,  forming  sul- 
phide of  iron. 

473.  Properties.  —  Lead  is  a  bluish-gray  metal,  and  when 
recently  cut  has  a  strong  metallic  lustre ;  but  tbe  surface  soon 
tarnishes  on  exposure  to  the  air.     It  is  soft  and  malienble,  but 

QnBSTiOBS. — 470.  Describe  the  nitrate  of  bismuth.  471.  IVhat  is  the 
most  common  ore  of  lead  f  What  other  ores  aie  menlionecf?  472.  How 
is  the  metal  rodaeed  from  the  natiye  Bnlphide  ?  What  ie  the  second  Mode 
meutionod  i    4T3.  Describe  the  propartiea  of  lead. 
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wdtLr  Bhould  not  be  used  until  it  has  teen  pro\el  Ij  esperi 
that  the  particular  water  to  be  discharged  bj  the  tube  is  not 
cnpabla  of  actinji;  upon  the  lead. 

Lead  is  gradually  acted  on  by  boiling  sulphuric  acid;  but  its 
only  proper  solveat  atuong  mineral  acids  is  the  nitric,  which  forms 
with  it  a  soluble  Salt. 

474.  Alloys  of  Lead. — Lead  forms  with  other  metala  many 
useful  alloys.  Two  parts  of  tin  and  one  of  lead,  fused  togethor, 
furm  snji  solder,  whicli  is  much  used  in  cementing  together  the 
different  pieces  of  articles  made  of  tin-plate,  Britannia  metal,  &c. 
A  coarser  kind,  which  requires  a  higher  temperature  to  melt  it, 
is  composed  of  lead  3  parts  and  tin  1  part.  Pewter  is  an  alloy 
of  lead  and  antimony,  and  sometimes  a  little  copper.  T^jia- 
tiietal  is  an  alloy  of  3  parts  of  lead  to  1  of  antimony.  Tin,  lead, 
and  bismuth,  form  a  very  fusible  alloy;  when  made  of  8  parts 
of  bismuth.  5  of  lead,  and  3  of  tin,  it  will  melt  in  boiling  water. 


Binary  Compounds  of  Lead. 

475.  Protoxide  of  Lead,  PbO. — Protoxide  of  lead  is  formed 
by  heating  lead,  in  the  open  air,  a  little  aboye  its  melting  point; 
oxygen  is  gradually  absorbed,  and  a  yellow  powder  formed,  which 
ivaa  formerly  used  aa  a  paint,  and  called  massicot.  As  usually 
manufactured,  it  is  in  the  form  of  reddish-yellow  scales,  ocoa- 

QUESTIONS, — What  is  said  of  the  use  of  lead  for  water-pipes?  IVlint 
is  tiie  only  mineml  acid  that  dissolves  lead  ?  474.  What  alloys  of  iond 
lu's  meniionBd?  What' "is  pewter?  Type-metal!  What  oUoj  of  lead 
molts  in  boiling  water!     475.  How  is  proloxide  of  lead  formed  f 
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476   Pe  OX  de  of  Lead  PbO   —  Tb         d  Id  by 

digesting  red  lead  (the  eoiupouDd  nest  to  be  described)  in  nitrio 
acid,  which  dissolves  out  the  protoxide,  leaving  the  peroxide  quite 
pure,  in  the  form  of  powder.     It  is  also  called  plumbic  acid. 

ill.  Red  Oxide  of  Lead,  PbjO,.— This  compound  is  the  red 
lead,  or  minium,  of  coninierco,  much  used  in  the.  arts  as  a  paint, 
and  as  one  of  the  ingtedients  in  the  manufacture  of  fiiat  glass. 
It  is  formed  by  heatiug  metallic  lead  to  a  temperature  of  500°  or 
GOO",  ill  the  open  air,  so  as  to  osjdize  it  without  fusing  the  oside, 
aud  ooDtinuing  the  heat  for  some  time.  Heated  to  redness,  it 
gives  up  a  portion  of  its  oxygon  and  is  reduced  to  the  protoxide. 
Minium  is  a  compound  of  the  proto  and  peroxides  (2PbO,PbOi), 
and  ia  therefore  a  plumbate  of  the  protoxide  of  lead. 

478.  Sulphide  al  Lead,  PbS — This  compound  has  already  been  men- 
tioned as  constituting  the  only  important  ore  of  lead,  called  galena. 
It  ia  also  fonnad  by  passing  a  current  of  sulphnretted  hydrogen  through 
a  solution  of  any  salt  of  lead.     As  it  oocm's  native,  iis  color  very  much 

reserobles  that  of  raetalUo  lead,  and  il^  Etrnetnre  ia  always  cryataiine. 

Sails  of  Lead. 

479.  Carbonate  of  Lead,  PbO,COj,— This  is  the  wUte  had 
of  commerce,  so  extensively  used  in  painting.  It  is  formed  by 
several  different  modes,  and  is  also  found  as  a  natural  production. 
Nearly  all  the  white  lead  of  commerce,  at  the  present  time,  is 
adulterated  by  mixing  sulphate  of  baryta  (399)  with  it  in  fine 
powder.     By  treating  the  mixture  with  nitrio  acid,  the  carbonate 

Questions. — What  use  is  made  of  the  protoside  of  lead?  What  is  said 
of  its  fusibility?  476.  Describe  the  mode  of  pvepaiing  tlie  peroside. 
ill.  What  is  the  red  lead  or  minium  of  oommei^oe?  What  use  is  made 
of  it?  478.  Describe  sulphide  of  lead,  470.  tfhat  is  the  white  lead 
used  by  paint^re  ?  With  what  is  it  usually  pdolterated  ?  How  may  the 
fraud  be  licteotertT 
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of  lead  will  be  dissolved,  and  the  baryta  left  as  a  white  powder. 
Taken  into  the  system,  white  lead  aots  as  a  yiolent  poison,  pro- 
ducing tho  disease  oallad  painlers'  cliolie. 

4B0.  Sulphate  of  Lead,  PbO,SOj. — Sulphate  of  load  is  found  native, 
and  oalled  anglssite  by  minerologista.  It  is  also  formal  when  soliititin 
of  any  sulphate,  as  sulphate  of  soda,  ia  mixed  with  solution  of  any  salt 
of  lead.     It  is  sometimes  used  in  painting  as  a  Euhstltuto  for  wbite  load, 

Ifitrata  of  Lead,  PhO.NO,. — Nitrate  of  lead  is  easily  formed  by  dis- 
Eolring  metallic  lead,  or  its  protoxide,  or  oarbonate,  in  nitrio  aoid, 

Zino,  iron,  and  tjn  precipitate  lead  from  all  its  soluble  salts  in  its 
metallic  state.  Make  a  solution  of  1  part  of  nitrate  or  acetate  of  lead  iu 
24  paits  of  distilled  water  ao  dnlate  1  inth  acet  o  ao  1  and  a  spenl  n  t 
mar  the  top  a  iieoe  of  clean  zmc  the  prec  \  toti  a  of  the  load  w  0 
immediately  commence  and  m  the  course  of  4  or  48  hours  the  n  1 
will  appeal  m  the  form  of  large  thin  leaves  called  sumet  mes  1  r 
Salai  a 

4B1  Test  of  lead — Hy  1  osulph  r  o  ao  d  pieo  i  tate'  lead  as  a  lorl 
cl  cdRul]hidef  mill  ta  olnble  baits  an  1  even  bl  k  ■<  th  e  tl  t 
T  e  iii'5  lilk    as  tl      e    b     ate   -when  suspenled  a    a  fi.  e  i   n  1 


Symbol,  Cu  (Qupmm) ;  Equivalent,  31'7j  Densilj/,  8'9. 

482,  History. — Copper  has  been  known  from  the  earliest  nges, 
and  is  often  found  In  the  earth  in  its  metallic  state.  Masses  i)f 
immonso  size  of  nearly  pure  metal  haye  been  found  in  the  region 
of  Lake  Superior.  One,  40  feet  long,  was  estimated  to  weij^h 
200  tons.  It  is  also  found  as  a  carbonate,  sulphide,  and  oside, 
as  well  as  in  other  combinations.  The  ores  of  copper  are  very 
generally  diffused,  some  of  them  being  found  ia  almost  every 
country. 

483.  Preparation,— iletallio  copper  is  obtained  from  the  osidca 
and  the  native  carbonates,  simply  by  heating  these  ores  with  eliar- 
coa! ;    but  the  sulphide,  especially  when   mixed  with  iron,   in 

QuBSTiOKS. — 480.  Wliat  is  said  of  the  i^lphate  of  lead  ?  DoBoiibo  tlie 
mode  of  formini;  the  arbor  Satumi.  481.  What  test  of  lead  when  in 
solution  is  mentioned?  482.  Has  copper  been  long  Itnowii!  What  is 
said  of  masses  that  have  been  found  naljve?  What  ores  of  ooppei'  nvo 
inontioned!  483.  How  may  the  metnl  be  rednced  from  its  oiides  and 
oai'bonatoB  ! 
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reduced  with  more  difiicultj,  and  tlie  process  ia  too  complicated 
to  be  given  here  iu  detail. 

484.  Properties. — Copper  is  distinguialied  Lj  ila  peculiar  red 
color.  It  is  very  ductile  and  malleable,  but  less  tenacious  tbau 
iron.  To  fuse  it  a  bright  red  heat  is  required,  but  its  melting 
point  is  much  below  that  of  cast-jron.  It  forms  crystals  belong- 
ing to  the  monometrio  system.  It  ia  leas  liable  to  bo  corroded  by 
air  and  moisture  than  iron,  but  is  gradually  acted  on  by  the  joint 
agency  of  these  elements,  and  becomes  coated  with  a  green  crust, 
which  ia  carbonate  of  copper.  Heated  to  redness  in  the  air,  it 
becomes  osydized,  and  nitric  acid  readily  dissolves  it.  It  is  used 
extensively  in  the  arts,  both  alone  and  in  combination  with  other 

485.  Alloys  of  Copper. — Copper  forms  with  other  metals  many 
very  useful  alloys.  Three  parts  of  copper  with  one  of  zinc  con- 
stitutes brass;  and  by  a  variation  of  the  proportions,  the  alloys 
called  tombac,  Dutch.  goM,  and  pinchbeck,  are  produced.  Bronze 
is  an  alloy  of  copper  and  about  10  per  cent,  of  its  weight  of  tin  ; 
and  helJ-melal,  an  alloy  of  4  parts  of  copper  with  1  of  tin  ;  while 
ipecvlum  me^al,  naed  for  the  mirrors  of  reflecting  telescopes,  con- 
tains about  2  parts  of  this  metal  to  1  of  tin.  Equal  parts  of  copper 
and  Eine  form  hard  solder,  which  is  used  in  soldering  articles 
of  brass. 

Binary  Convpoundu  of  Cupper, 

486.  Oxides  of  Copper. — Red  o^ide  of  copper,  CUiO,  is  a  sub- 
oxide ;  it  is  found  native.  The  black  or  protoside,  CuO,  is  also 
found  native,  nnd  is  produced  when  copper  is  heated  to  redness 
in  the  open  air.  It  is  also  easily  procured  by  heating  to  redness 
the  sulphate  or  nitrate  of  copper.     There  are  two  other  osides. 

Chloride!  of  Copper, — Of  these  ttere  are  two,  the  subcHoride,  Gn^CI, 
and  the  protochloride,  CuCl,  but  they  possess  no  special  interest. 

Sulphides  of  Copper. — There  are  two  sulphidea  of  oopper,  corresponding 
In  composition  to  tie  chlorides,  viz.,  the  subsulphiiJe,  Cn,S,  and  the  pcoto- 
anlphide,  Cu9.  Copper  pyrites,  vitreova  copper,  and  variegated  copper  are 
naWvo  snlphiileB  of  oopper,  or  copper  and  iron, 

Qbebtioss.— 48i.  How  is  oopper  raadily  distingnished  from  the  oUier 
mstals?  DoBCrihe  ita  properties.  485.  What  alloys  of  oopper  are  used 
in  the  arts  f  486.  What  oitides  of  oopper  are  there  ?  What  chlorides ! 
What  s\ 
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Sal/s  of  Copper. 

487.  Sulphate  of  Copper,  CuO.SOa,  or,  in  cTjstals,  CuO.SOj 
4-  5IT0.— This  is  the  Uue  vitriol  of  commerce ;  and  is  formed 
by  dissolving  the  protoxide  in  sulphuric  acid.  It  is  very  soluble 
in  water,  and  is  esteasivoly  used  m  the  arts.  Its  color  is  a. 
fine  blue. 

488.  nitrate  of  Coppfir,  CuO,NOj,  or,  in  orystak,  CuO.NOj  +  3H0,  ia 
ensily  formed  by  dissolviDg  metallio  coppevin  dilute  nitric  aciil.  It  doea 
not  crjstalize  readily;  and  ia  deliquesoent  in  the  idr,  and  exoeedinglj' 


489.  Caibonatfi!  ot  Copper. — There  are  asTeral  carlionatea  of  copper, 
aa  anuriie  and  grem  malaeldU,  whioii  are  found  native,  and  are  nrnde  nee 
of  aa  orra  of  copper.  Tliey  also  contain  -water.  Grseit  verdiler,  or  mineral 
ffreeti,  is  a  hydrated  aubcarbonate,  obtained  by  precipitating  a  aolntiou 
of  blue  Titriol  -witii  ooibonate  of  potash  or  soda. 

Silicatea  of  dypper,  more  or  leas  hydraled,  are  found  nalivB  in  the  mineral 
speoies  colled  diopiass  and  ehryaoeoUa. 

490.  Atsenite  of  Copper,  or  Scheel^a  gretn,  is  prepared  by  first  diasolving 
arseniona  a«id  and  poarlaah  tegeUier  in  -warm  water,  and  then  ponriiig 
into  it  gradually  warm  solution  of  sulphate  of  copper.  It  ia  of  a  beau- 
tiful giuenooloi  and  is  much  used  inpaiudng.  Incommei'co,  it  is  called 
Pans  ffi  fen 

Test  of  Copper  —  Ammoma  produces  a  deep  blue  color  in  diluted 
solutions  of  any  of  tlie  salts  of  oopper,  by  ■whioh  tbey  may  always  be 
distinguished 

491  Vanadium,  V ;  Eq.,  68'6.— Tliia  ia  a  metal  of  rare  ocotirrence, 
being  found  only  in  aome  iron  ores  in  Sweden,  some  lead  orea  in  Scot^ 
Innd  and  Mesico,  and  recently  in  some  copper  orea  from  Lake  Superior 

Molybdenum,  Mo;  Eq.,  4e.---Moljbde     m       f      d  Iph  1 

tbe  mineral  species  oalled  inol}/bdenite,       d    1  th  b      h. 

It  IS  a  white  metal,  and  has  a  density  of  8  6 

Tungsten,  W,  (IToJ/roni);  Eq.,  95.  — Th     mtl       f      II  I 

mineral  species,  especially  the  speoies  o  11   \       If        wh   h  t 

state  of  iron  ajid  manganese.    It  forms  1       dea      hi     de^       1 

phides,  &c. 

Titaninin,  Ti ;  Eq.,  25. — Titariium  is  found  in  several  mineral  spetiea, 
as  rvlile,  anaiase,  and  brookiU.     It  ia  of  a  red  color,  and  resemhlea  eop- 

QiTBSTioBa. — 487.  What  is  the  commercial  name  for  sulphate  of  cop- 
per? 488.  How  is  nitrate  of  copper  formed?  489.  What  Is  said  of  the 
om'honates  of  copper?  490,  What  use  ia  made  of  arsenite  of  copper? 
What  test  of  oopper  is  mentioned  ?  491.  What  other  metals  are  men- 
tioned as  belonging  to  this  group  ? 
32 
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per.     Ita  density  is  about  5-3.     The  iiativa  oxide  is  used  in  coloriii 
mineral  teeth,  so  tis  to  imitate  tlie  color  of  natnriil  teeth. 

llraniara,  V;  Eq.,  60. — Uraninm  occurs  in  several  species  as  pilc> 
blende,  UTonile,  &,c.     Many  Unary  compounds  of  it  ore  Itnomi,  as  well  s 


n  the  State  of  Comiecticnt. 

Tantalum,  Ta,  is  a  metal  Tery  similar  to  the  preceding,  -whicb  is  ob- 
teiiiied  from  tlie  European  mineral,  taatalile.  Little  is  really  known  of 
these  two  metals  lust  mentioned.  The  existence  of  the  two  metals  named 
pdopium  and  noj-iuM  {Table,  p.  146),  is  doubtful. 


Nobis  melaU,  mhoas  oxides  are  reduced  by  a  red  heal, — No 
one  of  them,  except  osmium,  is  capable  of  decompiling 
water  under  any  oiroumstanoea. 

The  oxides  of  iridium  and  ruthenium,  and  some  of  thoES 

of  osmium,  are  not  perfectly  reduced  by  heat,  without  tlie 

"carbon,  or  some  deoxydizing  agent. 


Mercuby 

SlLVMS. 

Platinum 

OSHIOU 

iBmiaM: 

PitLADIITM: 

Rhodium 
Edtheniuh 


Symbol,  Hg  {Ilydrargijrum) ;  EiinivaUnI,  100;  Density,  IS-fi, 

492.  History  and  Preparation. — Mcrcnry,  or  qincJmlver,  is 
oue  of  tbe  seven  metals  of  the  ancienls.  It  is  sometimes  found 
ill  its  metallic  state;  but  most  of  the  mercury  of  eommorce  is 
reduced  from  the  native  sulphide,  called  cinnabar.  It  is  not 
very  generally  diffused,  there  being  but  few  mines  that  afford  it 
in  any  considerable  quantity.  Most  of  the  mercury  used  in  this 
country  comes  from  Spain ;  but  it  is  obtained  also  in  Gfermany, 
Siberia,  in  Southern  Asia,  and  iu  California. 

The  metal  is  extracted  from  the  native  sulphide  cither  by 
roasting  it  alone,  so  aa  to  osydize  the  Bnlphur  and  sublime  the 
mercury ;  or  by  heating  it  w^ith  lime. 

Questions. — What  use  is  made  of  the  native  oiide  of  titanium  ?  How 
are  the  metals  of  Group  VI.  characterized?  Name  the  metals  of  tiiis 
group.  492,  Was  mercury  known  to  the  ancieufa  ?  By  what  other  iiamo 
is  it  known  ?  From  what  ore  is  it  obtained  ?  What  is  tlie  mode  of  os- 
Iracting  tlie  metal  fiom  the  native  sulphide  ? 
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493  Properties  —  Mercury  is  distioguiahed  from  all  other 
n  '  tals  by  being  liquid  at  ordinary  temperatures.  It  ia  white  aa 
Sliver,  and  Las  a  brilliant  Iiiatre.  Cooled  to  — 40",  it  freezes  or 
bi  comes  solid,  and  is  then  very  malleable,  and  nearly  the  color 
of  lead ;  at  662°,  it  boils  and  forma  a  colorless  vapor,  the  density 
of  which  (air  being  1)  is  6-976.  At  lower  temperatares,  even  as 
low  as  70°,  it  gives  off  vapor,  as  is  shown  by  the  whitening  of 
pieces  of  gold-leaf  suspended  above  It  in  a  close  glass  bottle,  and 
by  its  action  upon  the  iodized  silver  plates  in  the  Daguerreotype 
process. 

The  best  method  to  obtain  aojid  mercury  is  by  means  of  solidi- 
fied carbonic  acid  (58).  A  portion  of  the  solid  acid  ia  made  in 
the  form  of  ft  ball,  with  a  cavity  in  the  upper  side  to  receive  tlie 
mercury,  and  the  whole  enveloped  in  cotton  to  protect  it  from  the 
amiosphere.  In  a  few  minutes  the  mercury  will  be  solid,  and 
may  be  preserved  in  this  condition  for  eevera!  hours  with  a  very 
small  quantity  of  the  solid  acid.  The  metal  is  also  readily  frozen 
by  a  mixture  of  the  solid  acid  and  ether. 

By  slow  cooling,  mercury  forms  crystals  belonging  fo  the 
mono  metric  system. 

494.  Mercury  is  uauivlly  imported  into  this  country  in  strong  iron 
bottles,  unci  generally  is  very  pure,  and  serree  for  every  purpoae  witliont 
yurffioation.  In  this  state  it  is  aonrcely  osydiied  by  tlie  atmoapliere, 
hut  aa  it  is  onpaitle  of  dissolTing  other  metals,  as  tin,  lead,  silver,  and 
gold,  hy  use  in  the  laboratory  it  often  becomes  contaminated  with  them, 
tuii  thus  is  more  liable  to  become  oxydized,  as  will  bo  shown  by  a  pellicle 
of  oidde  floating  upon  its  surface.  In  this  state,  a  portion  will  adhere  to 
the  fingers,  or  other  Eubatanoa,  when  dipped  in  it;  and  it  does  not  roll  in 
p«rfeot  globules  over  the  surface  of  other  bodies,  like  pore  mercury. 

To  puiTl^  mercury,  several  proooeaes  are  resorted  to ; — one  method  is 
to  pour  it  mto  a  bottle  with  some  sulphuric  acid,  or  dilute  nitrio  aoid, 
whioh  oxydizes  and  dissolves  the  foreign  metals.  It  should  stand  in  the 
bottle  several  days,  and  be  frequently  ahateu  to  expose  all  the  metal  to 
tlie  aoljon  of  tlio  aoid.  At  the  proper  time,  the  mercury  is  to  be  roraovod 
and  washed  with  water. 

Questions. — 493.  Deeocibe  Uie  properties  of  mercury.  Give  its  fceoi- 
ing  and  boiling  points.  Does  it  evaporate  at  temperatures  below  ils 
boiling  point!  How  may  it  be  solidified  ?  494.  What  other  motals  will 
diereury  dissolve  ?  How  may  it  be  known  when  other  metals  ai'o  hold  in 
solution  in  it?    Describe  the  method  of  purifying  mercury. 
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495.  The  odIj  acids  th 
uiti'io  acids.     The  forraei  has 
but  on  the  application  of  h 
expense  of  the  acid,  pure    uljh 
a  salphate  of  meroury  ia  g 
upon  mercury,  both  with      d  w 
and  dissolving  it  with  evol       n 


f  b 


496.  Uses, — Mercury  ia  made  use  of  for  p 
pnses,  in  medicine,  in  tho  laboratory,  and  ts 
construction  of  thermometers  and    baromete  b  y 
essential,  and  for  the  mercurial  bath,  to  e    b       h          m 
collect  and  transfer  gaaea  that  are  absorbed  b    w  n 
with  various  other  substances  it  constitute           b  y 
important   medieinea.      Several   of  thesa   p                              b 
described  in  their  proper  places. 

497.  Amalgams — This  term  is  esclusively  applied  to  the 
alloys  of  mercury  with  the  othei  metals 

Quicksilver  unites  with  potassium  and  sodium  when  agitated 
in  a  glass  tube  with  that  metal,  furminc;  a  solid  amalgam.  When 
the  amalgam  is  put  into  witei,  the  ■^Ikalme  metal  is  gradually 

QiiESTiosa. — What  will  be  necesiarv  in  uider  to  obtain  merenrj  of 
siilficient  purity  f  i  thermometers  and  baiometora!  405.  What  aoida 
only  act  upon  mercnrj  '  E^iplBin  the  action  of  inlplmrio  aoiil.  Of  nitric 
add.  490.  To  wliat  uses  is  mercury  ajplied!  407.  To  what  is  tlia 
uaiDD  amalgam  ^vent 
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«xjdized,  liydrogen  gas  ia  disengaged,  and  the  mercury  resumes 
its  liquid  form. 

A  solid  amalgam  of  tin  constitutes  the  silvering  of  looking- 
glasses;  and  an  amalgam  made  of  1  part  of  lead,  1  of  tin,  2  of 
bismuth,  and  4  of  raercary,  is  used  for  silvering  the  inside 
of  hollow  glass  globes.  This  amalgam  is  solid  at  common  tem- 
peratures j  hut  it  is  fused  by  a  slight  degree  of  heat. 

The  amalgam  of  zino  and  tin  (90)  ia  used  for  promoting  tho 
action  of  the  eleotrioal  machine. 

Binary  Compounds  of  Mercury. 

498,  There  are  two  oxi  les  of  mercury,  the  gray  oside,  which 
is  considered  a  suboi  Ic  H"  0  and  the  protoxide,  HgO,  which 
is  of  a  red  color.  The  suhoxile  HgjO,  is  readily  prepared  by 
mixing  calomel  hri&kly  in  a  mortar  with  pure  potassa  in  escess, 
80  as  to  effect  its  decomposition  as  rapidly  as  possible,  and  then 
washing  the  precipitate  formed  m  oold  water,  and  drying  sponta- 
neously in  a  dark  phee  This  oside  is  a  black  powder,  and  ia 
insoluble  in  water,  but  nmfe?  with  the  acids  as  a  weak  base. 

The  protoxide,  H^O  is  the  je  7  precipitate  used  in  medicine. 
It  is  formed  either  by  heating  mercury  nearly  to  its  boiling  point 
in  a  vessel  to  wbieh  the  air  has  access,  or  by  cautiously  beating 
the  nitrate  so  aa  to  cspel  the  nitric  acid.  The  latter  mode  is  the 
one  usually  adopted.  It  is  usually  seen  in  very  small,  shining, 
crystaline  scales,  which  have  a  briok-rcd  color.  Heated  to  red- 
ness, it  ia  decomposed,  yielding  mercury  in  the  gaseous  slate,  and 
osygen.  Red  oside  of  mercury  is  slightly  soluble  in  water,  and 
gives  it  an  alkaline  reaction. 

499.  Subcliloride  of  Mercury,  flg^Clj  eq.,  (200  4-354=) 
235-4.— This  compound,  the  well-known  calomel  used  in  medi- 
cine, is  easily  prepared  by  pouring  a  solution  of  nitrate  of  the 
euboside  of  mercury  into  a  dilute  solution  of  common  salt,  when 

QuisTiONS. — What  is  it  that  forms  the  silvering  of  mirrors !  498.  What 
flxides  of  meroury  are  there  ?  How  is  tlie  suboside  praparod  ?  How  is 
tliG  protoiide  prepared!  What  ia  it  called?  How  is  it  affected  when 
lioated?  Is  it  soluble  in -water!  499.  What  is  calamd,? ,  Describe  tho 
mcule  of  preparing  it.     To  what  use  is  it  applied? 
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the  calomel  is  precipitated  as  a  white  powder,  which  is  insoluble 
in  water  and  the  acida  when  eold.  It  is  sometinies  found  native, 
and  is  called  liom-quv:hsi(oer,  or  native  calomel.  Its  density  is 
about  7. 

Calomel  is  sublimed  without  ehango  by  a  moderale  hoat,  and 
may  be  obtained  in  small  crystals. "  It  is  usually  seen  as  a  white 
powder,  with  a  slight  yellowish  tinge ;  and  may  always  be  knoivii 
by  instantly  turning  black  as  ink,  when  touched  with  a  drop  of 
aqua  aiiimoiii»,  or  solution  of  any  caustic  alkali. 

This  oompound  of  mereury  has  long  been  estsasivo] y  used  in  medicine, 
and  the  estiniation  in  which  it  has  been  held  may,  perhaps,  be  inferred 
fl'om  the  namea  'bj  which  it  hsiS  been  known  at  different  times,  gni  in 
difforent  oountries.  The  followiog  are  some  of  thom : — Mereurma  diilcis, 
draco  tnUigalns,  suMimaWnt  dulcffy  agutla  alba,  aquila  mUiffttta,  mannJi  rnetal' 
loitim,  panchymogogum  minsraU,  pa^ichyjaogogum  guercelamis  ! 

Calomel  vapor  has  a  density  of  nearly  8-3,  and  is  compOBCcl  of  1  toL 
of  merenry  yapor,  J  of  a  yoL  of  chlorine  condensed  to  1  yol.     Thus, 


1  vol.  sabeliloride  vapor  weighs  8-10G 

500.  CMoride  of  Mercury,  HgCl;  eq,,  (100  +  35'4=}  135  4. 
— Ciiloride  of  mercury — the  cnn-osive  sublimaip  of  the  phirma 
copceia — is  obtained  either  by  acting  on  mercury  I  \  nitrohydro 
chloric  acid,  or  by  sublimation  from  a  mixture  of  sulphate  of  the 
protoxide  of  mercury,  and  common  salt.  The  latter  i',  tin,  mode 
usually  adopted  in  practice.  Both  the  sulphite  aud  the  silt 
should  be  perfectly  dry  and  well  mised ; — tho  reictiuns  will  then 
be  as  follows : 

HgO,S03  +  NaCl  =  N"aO,SO,  +  H^Ol 

The  sublimation  may  be  effected  in  a  retort  cf  hai  1  cla^'^  oii.r 
a  charcoal  fire ;  and  tho  operation  should  be  conducted  in  suuh  a 
situation  that  all  the  fumes  escaping  may  be  immediately  con 
vejed  away  by  a  strong  draft  of  air. 

QnKBTioss. — May  calomel  be  suMimect  ?     How  Biany  yolmnes  of  ita 
le  yolurae  of  it  contain?    600    How  ii  chloiide  of 


ei'CTivy  prepared !    By  what  name  is  it  known  in  phaiii  acj  J    Di^i 
tlie  reaolions  when  sulpliate  of  luoiouiy  ojid  c 
11  reparation. 
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I  sublimate  is  usually  seen,  ii 
li'iiri spare Qt,  and  has  a  orystaline  structure.  It  has  an  acrid, 
burning  taste,  and  leaves  a  nauseous  metallic  flavor  on  the  toague. 
It  has  a  depsity  of  6-5,  fuses  at  509°,  and  hoils  at  563°,  It  ia 
soluble  in  16  times  its  weight  of  water,  aud  in  alcohol  and  ether. 
Wben  its  solution  ia  water  is  agitated  witb  ethor,  the  latter 
abstracts  tlie  bichloride,  and  rises  with  it  to  the  surface  of  the 
former ;  and  it  aiay  thus  be  separated  from  many  other  subsfanoea 
wben  contained  with  them  in  solation.  Its  aqueous  solution  is 
gradually  decomposed  by  light,  calomel  being  deposited. 

Applied  externally,  it  is  highly  oon-osive  to  the  flesh ;  and 
taken  internally  ia  a  most  deadly  poison.  Albumen  precipitates 
it  as  an  inert  compound,  and  is  therefore  indicated  as  a  proper 
roEiiody  in  cases  of  poisoning  with  it. 

SOI.  Tli9  kyaniihig  (from  the  name  of  tlie  inTentor,  Mr.  Kyon,)  of  fjm- 
boi'  cocsiete  in  soaking  it  for  a  Hme  in  a  solution  of  this  subatnaoe,  which 
pL'oteetsitframtheottaciis  of  worms  and  insects ;  and  also,  by  oombiniug 
with  the  alhnmeu  contained  in  it,  preserves  it  from  deoaj. 

The  method  given  above  for  the  preparation  of  anlomel,  tiiough  very 
iia,sj,  is  not  the  one  usually  adoptocl  in  pvaotioa ;  a  better  result  it) 
obtained  by  miKiog  100  parts  (1  eq.)  of  mercury  and  135'4  parts  {1  eq.) 
of  corrosive  sublimate,  and  subliming  with  a  moJcrato  heat,  tJie  wliole 
buUig  oonyerted  into  oalomel.     Thus, 

Hg  +  HgCl-HggCl. 

.  S03.  loflides  of  TSetexiy. — There  are  two  iodides  of  jneronry,  eorro- 
spoudii^  in  composition  with  the  oxides  and  olUorides.  The  protiodide 
ia  preoipitaied  as  a  beantitW.  red  powder  by  mising  together  solutions 
of  "iodide  of  poiaawnm  and  chloride  of  mercury.  The  powder,  after 
washing  and  drying,  may  he  suHimed  by  a  moderate  heat,  hut  it  tlien 
beoomos  yellow.  Alter  oooling,  the  color  gradually  ohauges  to  red ;  and 
the  change  ia  instantaneons  if  it  is  rubbed  in  a  mort^ir. 

Its  vapor  has  the  highest  density  of  any  known  gaseous  substance, 
being  15'69.  It  appears  to  be  composed  of  equal  volumes  of  merciu'y 
Viipor  ajid  iodine  vapor,  oondenaod  to  one  volume. 


1  vol,  vapor  of  Hgl  weighs  15-692 

Questions. — Describe  chloride  of  mercnry.  Is  it  poisonous!  ilow  is 
a  liolution  of  it  aft'eoted  by  albumen  ?  501.  In  what  does  the  kyamshig 
nf  timber  consist!  Daserlbo  the  mode  of  preparing  calomel  (or  eub- 
ehldride)  by  using  the  ohloride  and  metallic  mercury.  503.  What  iodides 
of  iiiercnry  a™  there?  Describe  the  protiodide,  and  the  mode  of  pce- 
]iaviog  it.  What  iS  said  of  the  density  of  its  vapor !  Of  what  is  a  volume 
uf  tlio  vupor  composed  f 


H.,t.db,  Google 


380  SALTS    Oi-    MfiKCURY. 

603.  SnipMdea  of  Ittereory.— There  are  two  s\ilpliideB  of  mercury, 
■wliioh  aae  Bsootlj  analogous  in  composifion  to  tlio  preceding  compounds. 
The  protosulpLide,  HgS,  as  ire  have  Eoen,  eonatitutes  Uie  chief  ore  of 
moroury,  beiag  found  native,  aa  citmabai'.  It  may  also  be  prepared  by 
art  in  several  ways,  and  ilioo  forma  the  biilliant  red  pigment  called 
Vermillion. 
In  vapor  the  density  of  this  eubataiioe  is  about  6'4 ;  and.  1  volume  of  it 
4  of  a  volume  of  mercury  vapor,  and  ^  of  a  volume  of  aulphur 
IS  shown  below ; 


I  vol.  mercury  vapor  weighs  {G-il7S  X  §  =)  ^-661 
f  vol.  sulphur      "  "  (^=)      0-T39 


1  voL  vapor  of  HgS  weighs  5-390 

Aa  I  +  i  =  4  + 1  ^  J,  it  is  evident  that  the  union  of  these  two  snb- 

atunoes  is  acoompanicd  by  an  expansion; — it  is  tlie  only  inatoaico  of  the 

kind  yet  l;nown. 

Tlie  other  binary  oompouiida  of  mercui-j  pnsseas  no  speciiiT  interest. 

S(/lts  of  Mercury. 

504.  Hitratoa  of  Mercury. — Nitric  ocid  a«tB  violently  npon  mercury, 
and  forms  with  its  oxides  several  salts,  differing  ft'om  each  other  aocord- 
iii<;  as  the  temperature  may  be  more  or  leas  elevated,  or  the  acid  more  or 
loss  diluted.  Cold,  dilute  nitric  acid  acts  slowly  upon  mercury,  and  forms 
hdlh  it  a  salt  of  tbe  auboiide,  which  oryataUaea  with  two  atoms  of  water, 
and  has  for  its  formula  HgjO,NOs-J-2HO :  but  if  the  aoid  is  hot,  and  of 
the  usual  strengih,  a  aalt  of  the  pi-otoside  ia  formed,  which,  when  cvys- 
taliied,  has  the  formula,  2HgO,N05  +  2H0.  SfflZ  other  iiilrates  of  this 
metal  may  be  formed,  but  these  are  tiie  most  important. 

0  aoid  acts  but  elightlj  upon 
.a  sulphate  of  either  tlie  suboxide  or 
protoxide  is  formed,  according  to  Uie  temperature.  If  5  parts  of  snl- 
plinrio  aoid  are  boiled  upon  dparta  of  meroui^,  sulphate  of  the  protoxide, 
IIgO,S03,  ia  formed — the  ooroponnd  used  (500)  in  the  manufacture  of  oor- 
roaive  sublimate.  Boiling  water  decompoaea  this  sulpliate,  forming  a 
yellow  basic  aalt,  3HgO,S03,  called  Iwpeth  mineral. 

306.  Chlorosalts  of  Mercury.  —  Protochloride  of  meroary  combine- 
readily  with  other  metaliic  clilorides,  forming  numerous  oryst-alizable 
salts,  wbiob  by  some  have  been  called  Hydrargo-eUorides.     Componnda 

QuKSTlONS.— 503,  IVhat  is  siud  of  tlie  sulphides  of  msronry  ?  What  is 
vcriiiillianf  Of  wliat  is  one  volume  of  vapor  of  HgS  composed?  What 
is  said  of  the  union  of  these  two  substances  !  504.  What  ia  said  of  the 
nitrates  of  mercury  !  505.  What  is  said  of  the  action  of  sulplmric  iicid 
Upon  mei'cmy!'  506.  Does  chloride  of  mercury  combine  with  other 
metallic  chlorides  ?    What  are  the  compounds  called  ! 
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of  this  o]inraoter,  witb  the  oMqriJea  of  potaaaium,  sodium,  litliinm,  itm- 
moninin,  IjaHum,  &o.,  five  made  eiraplj  by  mixing  their  solutions.  The 
double  chloride  of  mcronr;  aud  ammonium  was  formerly  nsed  in  medical 
practice,  under  the  name  of  salt  ofalembrotK. 


SymLol,  Ag  {Arge^U 

mi);  Eqidmlent,  108;  Dmdfi/,  W-5. 

607.  HiBt  7— T! 

t  1     OS  k            t     th             tits.      It 

frequently 

1                    b  tl    m        e  and  in 

octahedral            b 

J      1        I            ltd             mbination 

with  gold,      11       m 

t  m     y       ip                         d  sulphur. 

In  tbe  state    t      Ij  b  d 

t       1    q       tly             p           ^  lena,  the 

chief  ore  of  1    d   th 

lb    1    d    f      mm                   ly  quite  free 

from  traces    t     1 

Moat  of  th      1 

wb   h    fF   d  tb    m  t  1    t  tbe  present 

d^iy,  are  in          1  A 

d  M               b             m  11      juautities 

it  ia  obtained                 1 

I                    f  Eiu  p        d      h     parts  of 

tlie  world. 

Nearly  all  the     1 

btai    d  f         tb                  t  th    presctit 

time  is  found      t 

df    m    h        l]hd       but  there 

aro  many  oth                  1 

p            h    h               th    m     1 

508.  Preparation. — When  metallio  silver  is  contained  in  small 
particlesj  disseminated  through  the  ore,  it  is  extracted  by  tritu- 
rating the  ore  in  fine  powder  with  mercury,  which  dissolves  the 
sllyer,  and  separate  it  at  onoe  from  the  mass,  as  an  amalgam. 
The  amalgam  ia  then  subjected  to  pressure  in  leather  bags,  by 
which  a  portion  of  the  mercury  is  separated,  and  the  remainder 
is  expelled  by  beat.     This  is  called  the  process  of  amalgamation. 

Oh  f  u       to  b      reated  differently,  but  the 

n    u      up    cess       d  p    d     nn     b    here  described. 

&  fi  d       m    m      q  les  of  other  metals  present, 

g  y   h    p  f  ion,  which  has  been  pnic- 

dfma       y      mteg       T      process  depends  upou  the 

Q                —    h  G07.  Has  silvei"  been  long 

w             th  w  h           ti                  and  associated  ?    From  what 

m              h  mm           straoted  ?    508.   Desoriba  tha 

no     g  m               b    the  uiualgamatiiig  prooeas. 
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509.  We  will  suppose  the  oliject  is  to  test  some  coin  or  pJato, 
which  contains  with  the  silver  some  copper,  and  perhaps  a  little 
tin  or  lead.  A  small  piece  of  the  alloy  is  aeoarafelj  weighed, 
and  placed  in  tho  cupel  with  10  or  20  times  its  weight  of  pure 
lead,  and  suhjected  to  a  strong  heat,  ia  such  a  manner  that  tljs 
air  shall  have  oonstant  access  to  it.  When  it  becomes  suffi- 
ciently heated,  oxjdation  of  the  lead  and  other  metals  oom- 
iMBJices,  and  the  mixed  oxides  being  absorbed  as  they  are  formed, 
after  a  little  time  the  silver  is  left  perfectly  pure.  The  cupel 
with  the  silver  is  then  removed,  and  when  cold  the  button  of 
silver  is  detached  and  again  carefully  weighed. 

Tbe  heating  is  usually  conducted  in  a  muffle,  plaoefl 
in  a  proper  furnace,  so  as  to  exclude  dust  and  ^moke, 
but  allow  the  access  of  air.  Tlie  mufQe  (see  figure) 
ia  in  fact  a  small  oven,  made  of  fire^jlay,  and  is 
n  the  furnace  so  as  tti  be  entirely  Burroimdod 
by  the  liuming  fuel,  as  ahown  in  the  figuie  on  neit  page,  which  repre- 
sents a  Tertioal  aootiou  of  the  funiaoe  through  ila  centre,  witli  the  muffle 
in  its  place.  M  is  the  muffle,  with  several  cupels  iii  it ;  A,  B  and  C 
openings,  which  may  be  closed  at  pleasure  by  means  of  fire-brick  dooi-a, 
A,  B,  C,  prepared  for  the  purpose.     To  insure  perfect  suooeaa  in  tlie 

is  the 
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All  J  f  goM,  subJBOtad  to  the  'ime 
].  a     paiifiedfrom  all  othermetals 

except  silver  and  platiuum. 

610-  Another  mode  of  testing  alloys 
of  silver,  oailed  fie  wet  nietliod,  is  to 
dissolve  the  silver  alloy  in  nitric  aoii 
and  precipitate  the  silver  by  a  staodaid 
solution  of  oominon  salt,  previously  pre- 
pared with  aoouracy.  This  solufaon  la 
made  of  snch  a  streoglh,  that  1000  parts 
of  it,  by  measure,  will  precipitate  esaotiy 
1000  pirta  by  weight  of  purs  Mlver  and 
tlie  proportion  of  silver  in  the  alloy  ttiII 
of  oourse  be  determined  by  tiie  number 
of  pacta  of  tlie  soludon  requirec!  to  pre 
oipitate  it.  This  is  the  mode  prnotihed 
at  tte  United  States  minl^,  to  deternune 
the  finenesa  of  eoin. 

This  method  oajinot  be  nsed  when  the 
alloy  contains  a  metal,  as  morcoiy,  who=e 
chloride  is  iusolnble. 


611.  Properties. — Silver  is  a  soft,  ml  t         r  j    vciy 

nialleaWe  and  ductile.  It  has  abnlhatit  lustie,  aiil  i  austeptiljlu 
of  receiving  a,  very  fine  polish  It  is  not  ipted  upon  bj  tbe 
atmosphere  or  by  moisture,  but  is  realily  blackened  by  sulphur. 
Articles  of  silver  often  become  tarnished,  merely  by  tbe  sulphurous 
gases  which  are  diffused  from  the  fires  in  houses  in  which  mineral 
coal  is  used  for  fuel. 

Its  melting  point  is  about  1873°,  and  if  hept  some  time  in 
fusion  it  absorbs  osygen  iu  large  quantity,  which  is  given  off  agairi 
when  the  metal  cools. 

Silver  is  attacked  by  sulphurio  acid  only  by  the  aid  of  heat, 
but  is  freely  dissolved  by  nitric  acid,  even  when  oold. 

Silver  is  used  in  every  country  for  many  important  purposes — 
for  eoin,  and  for  manufacture  into  various  articles  of  utility  or 
ornament,  but  to  render  it  more  stiff  and  hard  it  is  always 
allowed  with  a  portion  of  cnpptr. 


QuE'TiON"  —610  Desciibe  tlie  wet  metliod  of  tystin 
511.  Describe  the  piopertiea  of  'liver.  What  acids  a 
what  purpose'  is  aJser  used  ' 


Hoys  of  si 
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884  BINARY    COMPOUNDS    OT    SILVER. 

The  Etnndard  of  pnrity  for  ailver  coin  Taries  in  different,  oouiiti'ies ; 
but  the  ooin  of  the  United  States  coatnina  900  pnrts  of  pnre  silrer  aril 
100  pai'ts  of  coppei'i— that  is,  one-tentli  part  of  tlie  weight  of  tie  coin  is 
Oopper,  esoept  Uie  throa-oent  piece,   of  irhicJi  Jths  ore  silror  and  JUi 

At  thfl  presoiit  ijme,  the  Inrgeat  Bilrer  ooin  issued  from  the  United 
StoteH  Mint  is  the  half-dollar,  which  is  required  to  weigh  1D2  grains; 
the  weight  of  the  Emallei"  coins  bdng  in  the  aame  proportion,  esoept  thit 
of  the  three-cent  piece,  wMch  is  12f  grains.  The  qaantitj  of  pure  silver 
in  the  half-dollar  is,  aooording  tfl  the  abova,  172-8  gi-s.  =  192  — 19'2. 
This  gives  as  tho  value  of  pnre  silver  $1,38.8  per  ounoe. 

The  vaiuB  of  coin  is  always  estimated  in  proportion  to  the  amount 
of  pure  metal  it  aontnins,  no  attention  being  paid  to  the  alloy.  It  is 
rcmnrkable  that  the  addition  of  copper  scarcely  produces  anj  chiingo  in 
the  brilliant  white  color  of  silver,  provided  it  does  not  exceed  about  onc- 
ugbth  of  the  latter  metal. 

Silver  combines  with  other  metals,  forming  alloys,  which,  however, 
possess  no  particular  interest. 

Binary  Compounds  of  Silner. 

613,  Oxides  of  Silver- — Silver  forms  witJi  oxygen  three  compounds,  a 
luboxvU,  AgjO,  protoxide,  AgO,  and  binoxids,  AgO, ;  but  only  the  protosldo 
is  important.  This  is  thrown  down  as  a  dart-colored  powder,  when  solu- 
tion of  oaustio  potash  is  poured  into  a  solulion  of  nitrate  of  silver.  Heated 
to  redness  it  ^ves  up  all  its  oxygon,  and  pure  silver  is  obtained.  It  fonns 
the  base  of  all  tie  osysaltB  of  silver ; — ia  slightly  soluble  in  water,  but 
very  soluble  in  aqua  ammonite. 

By  digesting  this  oxide  for  a  time  in  concentrated  aqua  ammonifs,  a 
black  compound  is  formed,  which  is  highly  explosive,  sometimes  called 
fulmmBtiig  silver.  Its  composition  has  not  been  satisfaoforilj  determined. 
The  most  probable  opinion  is,  that  it  is  a  nitride  of  silver,  NAgj,  foraied 

3AgO  -I-  KHj  =  HAgj  +  3H0. 

613.  Chloride  of  Silver,  AgCl;  eq.,  (108 -f  35-4=)  143-4.— This  com- 
ponnd  is  ooeasionall;  found  as  a  natural  produotion,  and  called  horn 
tihcr,  and  is  easily  fojined  artificially,  by  pouring  solution  of  common 
salt  into  ft  solution  of  nitrate  of  silver.  Formed  by  this  mode,  it  ia  a 
boantiful  wliite  powder,  which,  however,  soon  becomes  purple  in  dif- 
fused light,  or  black  if  exposed  to  the  direct  light  of  the  sun,  or  if  warmed 
before  a  fire.  It  is  insoluble  in  water,  but  soluble  in  ammonia  and 
hjpoHulphui-ous  (wid. 

Qdbstionb- — Wiat  proportion  of  the  silver  coin  of  this  country  is  sil- 
ver? What  is  the  alloy!  What  is  the  largest  silver  coin  now  issued 
iVom  the  United  States  Mint!  AWiat  does  this  give  as  the  value  per 
ounce  of  pure  silver?  In  estimating  tie  value  of  ooin,  is  any  allowance 
made  for  the  value  of  the  alloy  used?  612.  What  oxides  of  silver  aro 
there!  Which  of  these  constitutes  the  base  of  the  salts  of  silver! 
513,   Describe  the  chloi-ido  of  silver.     How  is  it  prepared  artificially? 
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Naaeent  hydrogan  reduces  it  to  iJie  metallio  stata  by  nbsorbing  the 
chlorioe  to  form  liydrochlorio  acid.  To  offeci  ilio  I'eduction.,  the  chloride 
is  ooTered  with  water  aeidiiJated  mth  sulpliurio  a«;id,  aud  pieces  of  zino 
introduced,  and  tiia  itliole  ooortaionallj'  atirrcd.  The  metallic  cilver  ia 
obtained  in  fine  grains. 

Iodide  of  Silver,  Agl,  is  found  as  a  natural  production,  and  may  alfwi 
be  formed  by  precipitation  from  solution  of  aiirote  of  silver  by  iodide 
of  potassium. 

SttlpliidB  of  Silver,  AgS.— This  compound  is  found  in  nature,  alone, 
and  in  combination  Tiith  other  metallic  sulphides,  particuliiuly  sulphide 
of  lead,  in  tlie  ore  calletl  argenlifeTO'a!  galena.  Sulphide  of  silver  may  also 
he  formed  artificially  by  sai 


Sails  of  Silver. 

Bit  Nitrate  of  Silver,  AgOjNOs.  —  This  is  the  only  eult  of 
silver  of  any  practical  iraportanoe,  and  is  well  icown  by  tliB 
Dame  of  lima/r  caustic.  It  is  usually  sold  in  small  sticks,  which 
are  wrapped  io  paper,  but  may  also  be  obtatued  io  beautiful 
white,  tubular  crystals.  The  sticks  usually  contain  a  portion  of 
nitre,  which  has  been  melted  with  it  when  east  in  tlie  moulds. 
Nitrate  of  silver  ia  formed  by  dissolving  silver  in  nitric  acid, 
diluted  with  twice  its  weight  of  distilled  water.  It  is  soluble  in 
one-half  its  weight  of  boiling  water,  and  its  own  weight  of  cold 
water.  It  is  the  basis  of  indelible  »i7c,  as  it  is  called ;  but 
writing  done  with  it,  and  afains  mide  by  it,  may  be  removed  by 
solution  of  cyauide  of  pot  issium  Nitrate  of  silver  is  very  caustic 
to  the  flesh,  and  is  used  m  mediome  as  a  cautery.  From  its  solu- 
tion, metallio  copper  pieoipitates  the  silver  as  a  fine  powder;  by 
mercury,  the  silver  ia  thrown  down  m  an  arborescent  form,  which 
has  been  called  the  arbor  Diance 

Sulphate  of  Silver,  AgOjSOj,  may  be  formed  by  boiling  sul- 
phuric acid  upon  metallic  silver.  It  is  a  colorless  salt,  slightly 
soluble  in  boiling  water. 

QnEBTiONS. — Daaeribe  the  mtde  of  reducing  the  ohloride  by  moans 
of  zino  and  oil  of  vitriol  What  othei  bmarj  compounds  of  silver  aro 
mentioned?     514.    What   is  Iniiai   ciugtic  ?      Describe  its  properties 
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Symlol,  Au(^Mn(™)j  Etiuivahnl,  lOS ;  Densili/,  19-2G. 

515  History  —  Gold  apptirs  to  have  been  known  to  tlia 
eariiest  races  uf  men,  and  to  ha\o  been  eateempil  liy  them  is 
much  13  by  the  modeiDs  Witb  the  exception  ot  tbe  raio 
mineral  tehuiide  of  goW,  it  has  hitheilo  been  found  only  in  the 
motalho  stite,  either  puie,  or  in  oombinitijn  with  other  metals 
It  IS  Bometimes  found  in  Cjuartzose  rocfes,  but  more  treijuentiy  m 
alluvial  depositions,  espeeiallj  among  sand  in  the  btda  of  nvers, 
having  been  washed  by  wati-r  out  of  disintegrated  loci''  in  which 
It  originally  existed 

Though  usually  found  in  irroguhr  rounded  lumpf  and  grains, 
it  IS  somi,tiinee  obttini,d  in  crystals  of  the  monometne  sjitoni    is 


^•' 


represented  by  the  a( 
Journal  of  Science. 


mpanying  figures,  faien  from  the  American 


Gold  is  obtained  at  the  present  day  in  large  quantities  in 
California,  Australia,  and  some  parts  of  the  Ural  Mountains, 
and  less  abundantly  in  Hungary,  and  other  countries  of  Europe. 
In  small  quantities,  it  occurs  in  Georgia,  North  Carolina,  nnd 
Tirginia. 

616.  Preparation. — As  gold  exists  in  its  ores  la  the  metnlllc 
state,  it  is  generally  separated  from  them  by  the  process  of  anial- 


QiiKflTioss. — 515.  Giye  tlie  history  of  goH.     In  wbat  s! 
fonnrl?    la  it  noeadonallj  found  io  crystals?    616.  Desorilio  the  n 
of  sepajnting  silver  from  gold,  called  quaHatioiu 
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^auiation,  einiilar  to  that  alreadj  described  for  obtaining  silver, 
by  wbich  means  it  ia  separated  from  all  otber  motals  except  silver. 
To  remove  -this,  so  muoli  silver  must  be  added  to  it  that  the  gold 
sliali  cOQstitute  but  a  fourth  of  the  whole,  and  the  mnss  boiled  ia 
iiitrio  acid,  which  then  readily  acta  upon  it,  dissolving  out  all  the 
silver,  and  leaving  the  gold  Jo  a  state  of  purity.  This  process 
has  been  called  guartailon,  from  the  circumstance  that  the  pro- 
portion of  gold,  in  order  that  The  nitric  acid  shall  dissolve  out  all 
the  silver,  must  not  esceed  a  quarter  of  the  whole  mass.  Other 
metals,  eseopt  silver,  may  also  be  separated  from  it  by  cupel- 
luEion  C508). 

To  prepare  absoluffily  pure  gold,  a  piece  of  coin  may  be  dis- 
solved in  aqua  regia,  and  precipitated  with  solution  of  sulphate 
of  protoxide  of  iron.     The  reactions  are  as  follows  ; 

AuCls  +  GPeOjSOa  =  An  -J-  Fe^Cla  -I-  SCFoaOjjSSO,). 

The  gold  thus  obtained  is  in  a  minutely  divided  state,  and  is  of  a 
purplish  brown  color.  It  is  to  be  collected  on  a  filter,  and  washed 
with  very  dilute  iiydroohioric  aeid,  and  fused  with  a  little  borax 
and  saltpetre. 

517,  Properties. — Gold  is  readily  distinguished  from  all  other 
metals  by  its  brilliant  yellow  color,  and  by  its  great  malleability 
and  ductility.  It  is  capable  of  being  beaten  out  into  leaves  so 
thin  that  light  may  be  transmitted  through  them,  which  then 
appears  of  a  greenish  yellow  color.  It  is  not  acted  upou  hy  a.ir 
or  moisture,  though  exposed  to  their  influence  for  ages ;  nor  is  it 
oxydiaed  by  being  kept  in  a  state  of  fusion  for  any  length  of  time. 
When  intensely  heated  by  the  galvanic  current,  or  by  means  of  the 
compound  blowpipe,  it  burns  with  a  greenish  blue  flame,  and  is 
dissipated  in  the  form  of  a  purple  powder,  which  is  supposed  to 
be  an  oxide.  Selenio  acid,  aided  by  heat,  dissolves  it,  and  a 
mixture  of  selenio  and  hydrochloric  acids,  without  heat;  but  its 
proper  solvent  is  aqua  regia,  which  is  a  mixture  of  1  part  of  nitric 
and  2  parts  of  hjdrocliloric  acid.     It  fuses  at  about  2016°. 

Questions. — Why  does  tho  process  for  separating  silver  fi-om  gold  here 
doBorJbed  receive  ttie  name  gnariaiiont  Hoir  may  absolutely  puce  gold 
be  prepared?  517.  How  is  gold  dialingui shed  ftom  ilio  other  metals? 
DoBOribe  some  of  ita  proporliOi;.     What  is  the  only  proper  solvent  of  gold  J 
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618-  Gold  and  silver,  from  tie  ostimatioQ  in  wbieli  tliej  hayo  been  halfl. 
Lave  Ijeeu  long  knowu  as  the  "precious  metalB  ;"  and  it  is  usual  to  esti- 
mate tJieir  purity  in  cni'dts.  A  oarat  is  to  be  nndorstood  as  Jjth  part 
of  tiie  masH ;  and  a  piooe  of  goid  or  silver  is  14,  18,  or  20  carats  fine, 
when  ao  many  24th8  of  the  whole  aj^e  fine  metal,  the  rest  being  alloy. 
But  i"  (he  Mint  of  the  United  States,  their  fineness  is  estimated  in  thou- 
sandths; thus,  gold  or  silver  is  said  to  bo  of  the  finances  6S4,  789,  921, 
01-  994  tiiousandths,  when  so  many  thousandths  of  the  wbole  mass  con 
sist  of  pure  metal,  the  rest  being  alloy.  The  alloy  of  silver  is  always 
copper,  but  the  alloy  of  gold  may  be  eiOier  copper  or  silver,  or  a  misture 
of  the  two.  Pure  gold  is  so  soft  that  some  alloy  is  always  needed  to  give 
it  tlie  proper  Btifliiesa,  and  to  prevent  too  rapid  weaving.  In  the  golii 
ooins  of  this  oounti'y,  one-tenth  part  is  alloy,  which  is  a  mixture  of  silver 
and  copper.  The  gold  eagle  of  the  United  States  weighs  258  grtdns,  of 
whioh  36-8  graiiis  are  alloy.  Th  1  ft  udard  gold  is  thei-efore 
estimated  at  $18,604  per  oun      and    h  t    f  pure  gold  at  $20,671  per 

Native  gold  is  almost  aJwaj  11  y  d  with  silver,  but  the  proportion 
of  this  metal  is  very  variable. 

Gilding  oonsiata  in  coating  o       tb       irf  f  bodies  wiili  a  tliin  film 

of  gold.  Arlicles  made  of  m  tal  w  f  tu  ly  gilded  by  applying  to 
tlieir  surface,  properly  cleaned       \  1      th  niiiate  of  mercury, 

anudgam  of  gold,  and  tlien  esp  Ih  g  tb  m  ro  ry  by  beat ;  but  this  mode 
baa  been  ontirely  superseded  by  the  eleotrotype  process,  heretofore  {116} 
desoribed.     In  both  cases  tlie  surface  of  gold  requires  to  be  burnished. 

Articles  made  of  non-metallic  substances  are  gilded  by  a  coating  of 


Binary  Compounds  of  Gold. 

519.  Oxides  of  Gold. — There  are  two,  and  pei-haps  three,  oxides  of  gold ; 
but  the  teroxide,  AuO,,  alone  possesses  any  special  importance.  It  la  of  a 
yellow  color  when  first  formed,  but  becomes  black  when  all  the  water  is 
ospelled.  It  is  used  in  coloring  glass  and  porcelain  purple.  In  some 
cases  it  seems  to  act  the  part  of  a  feeble  acid,  and  has  been  called 

630.  Chlorides  of  CSold. — There  are  two  chlorides  of  gold ;  the  tereldoride, 
AuOIg,  tlie  one  usually  seen,  is  formed  when  gold  is  dissolved  in  aqna  regia. 
By  evaporating  the  solution  carefully,  the  chloride  may  be  obtained  as  a 
solid,  which  is  very  soluble  in  water,  alcohol,  and  ether.  Solution  of 
chloride  of  gold  is  very  easily  decomposed  by  green  vitriol,  and  by  organic 

Questions. — 518.  Why  have  gold  and  silver  been  called  the  precious 
metolsl  How  has  the  fineness  of  these  metals,  or  rather  alloys  of  tbem, 
usually  been  estimated !  What  is  meant  when  an  article  of  gold  or  silver 
is  B^d  to  be  18  carats  fine!  How  is  the  fineness  of  these  mcttils  esti- 
mated at  the  United  States  Mint?  What  is  the  alloy  used  for  the  gold 
coins  of  this  country  1  What  is  tiie  weight  of  the  United  States  eagle ! 
What  does  this  give  as  the  value  per  ounce  of  standard  gold  ?  Of  purs 
gold!  How  !B  gilding  performed ?  519.  What  oKides  of  gold  are  there? 
530.  What  chlorides? 
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PLATINUM. 


Bubstwices.     Protoeliloiida  of  tinfoi 
oalied  purple  of  Casaaii. 

Aq\m  mmuonia  preoipitatcs,  from  solutions  of  tei'chloride  of  gold,  a 
fulminating  oompoimd  atiSed/ulminaliiiff  gold,  of  unoertaiu  Goaiposition. 

Salts  of  Gold. 

531,  TliQ  oxides  of  gold  do  not  unite  aa  liasoa  with  tlie  acids,  but  tho 
tei-oiide,  as  an  a«id,  combines  mitii  bases,  forming  some  animportjuit 
xalta,  nliicli  ai~a  oalied  auratet. 

Chloroaalts  of  Cfolfl. — Terolilorido  of  gold  oombinoa  mtli  many  otlior 
mofallic  oMorides,  lite  the  chloride  of  mei-oury,  foj-uiing  a  series  of  cHoro- 
13  oalied  aaro-AloTides. 


Si/irJjol,  Pt ;  Equivalent,  99 ;  Density/,  21'5. 


522  History— Plafiouni  was  fiiat 
met  il  m  1741,  but  waa  not  described 
Litherto  1  con  obtain&ii  chn,fly  fiom 
Biazil,  Pera,  and  some  other  paits  of 
fauuth  Ametica,  and  frjoi  tho  Ui  il 
H  untams  It  ocLurs  only  m  tlie  me 
tjllie  state,  as'iOBiated  with  othtr  metals, 
Ti  gold,  silvei,  le'ui,  pilhdinm,  osmium, 
indium,  and  rhodium 

523  Preparation — To  prcyare  pure 
jUtinum,  the  native  gnins  or  t  m 
nicreiai  platinum,  are  dissolved  in  boiling 
squa  regia,  and,  aftei  standing  for  a  time, 
the  cleai  solution  is  poured  off,  and  the 
platinum  precipitated  by  'olulion  of  sil 
ttiomoniao,  as  a  diublo  cliloriJe  of  phti 
num  '»nd  ammonium  By  heitmg  this 
precipitate,  botH  tho  chknne  and  am 
monia  are   expelled,    ind    tlie    metallic 


a  distinct 
lutil    1749       It  has 


QtrEsnOHs. — How  is  pnrpla  of  Casaiug  formed?  521.  Wtrit  is  said 
of  tlie  chloroaalts  of  gold  7  622,  Give  the  Hstory  of  platimim.  What  ia 
the  state  in  wliicJv  it  occurs  t  523.  Describe  tlio  mode  of  preparing  pui'B 
platinum^  * 
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platinum  ruTioms  aa  plitinum  spon^p,  which,  Tiheti  trLiteil  with 
hot  watet,  appears  iia  i  dark  gray  mud 

This  IB  now  pressLd  in  i  hollow  cyhndei  by  whicl  mtans  the 
particles  of  metal  are  raide  to  adhere,  si  that  the  di  c  thus 
obtained  may  be  carefully  heated,  ind  hamm  red  in  au  anyjl 
The  nietall  o  f^iains  now  become  firmly  welded  together,  ini  ibe 
maaa  maj  le  woilied  m  any  desucd  form 

524.  Properhcs  — Platinum  k  a  white  metal,  much  reiemhlmg 
silver,  but  cf  a  darker  color,  ind  of  inferior  lustie  When  pure, 
it  is  TOrj  malleable  and  duct  le  It  la  the  most  denae  aubstanee 
known  to  min  (escept,  perhaps  indinm)  but  la  quito  soft,  and 
pieces  of  it,  when  heated,  miy  he  welded  liLe  iron,  though  not 
so  easily  No  single  icid  atficks  it,  but  it  is  solable  in  heated 
aqua  regia  By  healed  nitie,  or  potassa,  or  sida  it  is  osydiaed 
It  cannot  be  melted  by  the  most  intense  heit  of  the  hittest  fur 
nace;  but  m^y  be  fused  by  the  compound  blowfipe  ^\  ben  a 
large  surfice  of  the  mttal  la  expoaed  (o  a  mixture  of  osjgea  and 
hydrogen,  it  has  the  singulai  piopeity  of  causing  them  to  com 
bine,  eithei  silently  or  by  an  esploaicn  It  acta  m  this  way  raoie 
readily  when  used  in  the  spongy  form  (^200,  523),  as  f  lecipitated 
from  its  solution  by  aal  immoniao 

J  hlach,  m  whii-h  the  metal  h  in  i  =till  mrae  finely 
I,  icta  energpticsll}  m  the  tame  manner  causing  the 
oua  gisea  besides  osj gen  ind  hydiogen  whea 
submitted  to  its  inHuenoe  This  foim  rf  platinum 
la  prepared  by  eleofrolizing  a  dilute  solutiou  of 
chloiide  of  the  metal,  oi  by  boihng  a  solution 
tt  the  ohioiide  raised  with  caibonafe  of  soda  ind 


If  a  ccJ  of  phtinum  wire  recently  i^fniteJ  te  bus 
pended  la  a  deep  glass  cnntnming  a  litlJe  ethei  at  the 
bottom  it  TTill  mstautly  booomo  mcFniiesci-ut  and  n-lo  v 
with  a  red  heat  until  the  ether  la  entu-ely  dissipnted 
The  some  effect  may  be  produoeil  by  phcing  a  cod  of 


of  FIsU- 


QtresTiONs  —How  are  the  pm-ticles  of  finely  divided  metal  ma  le  to 
unite  Eo  as  to  form  a  aohd  mass  ?  624  De&cnbe  the  piopertiea  of  plati 
Qnm.  By  what  alone  is  it  di&aolved  '  How  ib  it  affeote  1  by  heated  nitre 
or  potash'  How  ih  a  miiture  of  oxjgen  and  hydiogen  affootcil  when 
Gipiised  to  a  large  surfaoo  of  this  metal  ?  What  is  said  of  plalinum  blade 
in  this  connection?  DcEcribo  the  eipenmcnt  with  a  coil  of  platinum 
clre  and  ethoi'. 
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Bmill  platinum  wire  o^er  the  wiek  of  si  spirit-lamp, 
Olid  aftec  lighdng  it,  suddenly  estingnialiing  tiio  flame. 
Tlie  wire  irill  continue  at  a,  red  boat  until  all  (he 
iilcoliol  is  oonBumed.  Sncli  a  lamp  (oailed  a  fiamdeta 
lamp)  is  roproseuted  m  tlie  accompanying  figure, 

5S5.  Uses. — Platinum  is  of  great  importance 
in  the  laboratory,  and  is  much  used  in  the  arts, 
especially  for  retorta  for  condensing  (261)  sul- 
phuric acid.  Its  present  value  in  the  market  is 
about  half  that  of  gold.  It  was  formerly  issued 
as  coin  by  the  Eussian  government,  but  the  practice  has  been 
discontinued. 

Binary  Compounds  of  Platinum . 

fiS6.  Oxides  of  Plaljnum. — Platinum  forma  with  osygen  two  eompounds, 
ih^  protozide,  PtO,  and  the /eroiids,  PtO^  both  of  which  are  foehle  bases, 
aud  unite  with  some  of  the  acids  to  form  salta. 

CMorides  of  Platinum. — Two  chlorides  of  platinum  are  known,  analo- 
gous in  composition  to  the  osides.  The  bichloride,  PtClj,  is  the  moat 
important  of  all  the  compounds  of  this  metal,  and  is  obtaineJ  by  treating 
the  matal  wiib  boihng  aqua  regia,  and  carefiiUy  evaporating,  to  espel  the 
CECQSS  of  add.    It  is  much  used  in  the  laboratory. 

Sulphida  of  Platinum,  PtS,  may  be  formed  by  heating  platjnuin-fflinga 
in  vapor  of  sulphui'. 

S3T.  Sall«  of  Platinunl. — The  salts  of  plaiJnum,  ot  least  U)c  oxysalts, 
are  not  impoi-fant.  Oxalate  of  the  protoxide,  niid  sulphate  ajid  nitrate 
of  tlie  binoiide,  are  known. 

GhloTOialts  of  Plaiimim.—The  bichloride  of  plalinum  combines  witi 
oilier  matallio  chlorides,  forming  a  saiies  of  ohlorosalts,  called  also 
plalino-chloHdes. 

828,  Osmium,  Os;  Eq.,  95-5. — This  rare  metal  is  in  combination  with 
platinum  and  iridium  ;— with  the  former  in  the  so  called  native  platinum 
grains,  and  with  the  latter  in  the  mineral  species  nailed  iVirfosmma.  It  is  of  a 
grayish  color,  and  metallic  lustre ;  ie  slightly  malleable,  and  has  a  density 
of  about  10.  It  oombinaa  readily  with  osygen  when  heated,  and  ia 
attivcked  by  nitric  acid,  which  converts  it  into  osmio  aoid. 

SmaU  grains  of  tlie  native  iridosmine  are  naad  for  the  tips  of  gold 
pena,  because  of  their  hardness  and  oapabihty  to  resist  the  corrosivii 
action  of  the  ink. 

QTTEanOBa,  —  Describe  the  flameless  lamp.  625.  To  what  uses  ia 
[jlvi.tinum  applied!  526.  What  oxides  of  platinum  are  tnown?  What 
alilntidasJ  How  may  sulphide  of  platinum  be  formed?  627.  Are  there 
any  important  salts  of  platinum  ?  528.  Wliat  is  said  of  osmium  ?  What 
use  is  made  of  the  native  grains  of  osmium  and  iridium ! 
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There  are  known  no  loss  Oian  fiyo  ojidcs  of  osmivim,  viz.,  OsO,  Os^Oj, 
OsOj,  ObOj,  and  O8O4 ;  of  wMoli  the  last  two  posEess  aoid  propertiee,  and 
are  called  the  osmious  and  oamic  itcida. 

Two  chLoridea  only  of  osniinm  are  iaown,  a  proloehlonde  and  a  bichloride, 

639.  Iridium,  Ir ;  Eq-i  09. — Iridium,  as  stated  above,  is  found  ohiefly 
in  oombinatJon  wilji  osmium.  It  has  not  been  obtained  in  a  malleable 
state,  but  onty  as  a  hard  compa^jt  mass ;  and  ita  density  cannot  fhereforo 
bo  wall  determined,  but  by  some  it  is  belisTBd  to  esceed  that  of  platinnm. 
It  is  not  attacked  by  nitrio  acid,  nor  eyen  by  aqua  regia  -when  piu'o,  bat 
at  a  red  heat  enters  into  eombinatioQ  Mith  chlorine,  ivith  which  it  forms 
two  oompounds,  the  protochloride,  IrGl,  and  the  bichloride,  IiClj. 

530.  Palladium,  Pd ;  Eg,,  53'3. — This  motal,  often  contained  in  plaU- 
troni  ores,  ia  obtained  ohiefly  from  a  naliye  compound  of  this  metal  with 
gold,  found  in  some  parta  of  South  Amerioa.  It  ie  nearly  as  white  as 
aili-cr,  aJid  eoaroeiy  lees  fusible  ttaji  platinum.  It  ia  malleablo  and  dudjle, 
and  rooeiyes  a  floe  poliali  under  the  burnisher.     Its  denwty  is  11'8. 

Palladiiiniia  used  for  the  construction  ofthebaams  for  delicate  balances, 
and  also  for  the  graduated  soales  of  astronomical  instruments. 

631.  Hhoainin,  Ith ;  Eq.,  62-2. — Hhodium,  which  reoeiyes  its  name  from 
the  roae-color  of  some  of  its  compounds,  is  contained  in  smEiJl  quantitiea 
1 1  most  platinnm  ores,  and  is  aometimea  found  in  oombiaation  wiib  gold. 
It  IS  of  a  gray  color,  and  oven  more  infuaible  than  platjnnm.  It  ia 
atta  L.e  1  hy  I  ^ua  regia  only  when  alloyed  with  platinum,  or  some  other 
li  tti!     Its  density  is  10-6, 

En,  i; 


Questions — What  oxidea  of  osmium  are  known?  629.  In  what  ii 
i-idnm  fomd?  630.  Describe  palladium.  What  nso  is  made  of  itl 
5dl    Descr  be  ihodinm.     What  is  said  of  ruthenium ! 
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SPECIAL    CHEMISTRY— ORWANIC. 


GENERAL    PROPERTIES    OP   ORGANIC    BODIES. 

533  Introd  et  on. — In  the  p  e     1  eg  part  ot  tl  s  work   we 
1     e  t       1  tl      he  n  0  1  b   t  ry  of  a  1  the  elo  nent  ry  sub    aaces 

p     eut  kn  w         d  ttjt  of   uany  of  the     not  niport  nt  co 
1       d       s    I  y  are  [     iuc  d  by    he  ac  on  ot  the     aflia      « 
11   o  ed  es  ept  b>    be  a^^en    es  of  1  eat  1  ght  and  ele    r  c  y 
t  we  have  now  tfl  d   ou  S  al  ogether  aa  ther  ela  s  of   ompouu  Is 
\  eii  u  ja    c  because  p  odu  ed    Imoat  exoluf.  vely  by  the  o  j     s 
j  lantB  and  a    rails  or  de   ve  1  f   m  eubs  inoes  oo  produced 
0  j,an  c  Cliem  stry    therefo  e     3  that  b  an  h  of  the  g  neral 
11  e  of  Ch  m  s  y  wh   h  tre  ts  of  the  h  story  ptope  t  es  a  d 
an  format   ds    fan  mal  aud  vegetable  subs  nitn  es 
The  e   a  e  always  co  nj  ound    add  fler  f  om    nor^an  0  or 
no  al  oompo  nd     ch  efly    n   the  r  o   j,  n    and    n  the  c  rcu  a 
n  e  tl    t  11    t    )  th  m  a  e  of  a  too  e  comj  les  compos  t  on 

o33  Oiganie  and  Oig;aiized  Bodies — Th  re    s   howe  er   a 

ta  o  class  of  oigan  0  bod  es  — eilled  orya     ed  bod    s  — whoso 

ent  al  phys  al  p  opett  es  are  altogether  pecul  ar      These  are 

Iwuya    nso  ub  e  and  luoapable  of  crystal  zat  on   and  esh  b  t  in 

^  □  zed     FQ  t  ire  often  v  s  ble  to  the  n  ked  eye    and  always 

apparent  under    he  m     o&c  pe      To  th  s  claaa  belong  all  the 

J.  oj  r  t  Bsu  s  of  the  an  mil  and  vegetable  systems  cons  tut  ng 

b     0  gans  by  wb  h  all  the  r  vai  ous  f  Ectio  a  are  |  e  f  rmed 

oiiga     gum    a  oohol    ani  u  ea  are  organ  0  sub  t  noes   the  twc 

iuEST  oNs  —  f"    Wl  at  h  3  been      e  te      f   a    he      c  et)  n     jn  ta 
of   h  s  w    k       What  a  e  n  w         e  trei  eJ      !    D  ft  e      ^a    0  C 
V      H  w   lo     rft      0  lod        iffo    fr  m    no  g      0       0  3    ft    it  a  a 
jan  led  bo  ilea       H  hat  a   a  d  of  sugai   g  m  i.e 
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former  bung  fouad  rcniy  formed  in  plinta  and  soniptimea  m 
animals,  and  the  two  iattei,  bting  deiived  u'^ually  irom  «ub 
•itancts  so  pioducLil,  but  tboy 
^le  not  crganized  On  tha 
other  bind,  tbe  oelluKi  tiaiiuo 
of  wood,  tbe  pitb  of  an  elder 
tree,  and  tbe  skm  ot  an  aniiu  \\, 
are  organized,  ^nd  then  peeu 
haretiucture  IB  appirent  tj  the 
eye,  at  lea&t  when  aided  bj  tbe 
microscope.  Tbe  figure  in  the 
margin,  from  Kegnault's  Chem- 
istry, represents  a  cross  section 
of  tbe  pith  of  the  elder,  as  seen 
under  the  microscope.  This  es- 
regularity  of  structure,  which,  howeyer,  is  not 
■the  structure  of  two  different  organized  bodies  seldom 
presents  any  striking  similarity.  Of 
tbe  next  two  figures,  the  first  repre- 
sents a  microscopic  view  of  a  longi- 


tudinal section  of  a  stalk  of  asparagus,  and  tbe  second  a  crosa 
section  of  tbe  same. 

534,  Vitality.— In  tbe  production  of  organio  bodies,  tbe  simple 
■  affinities  of  the  particles  of  which  they  are  composed  are  0¥er- 

QuBaiiONS. — What  is  said,  of  tie  Tavioue  dasu^  of  tlie  systom  ?  How 
may  the  ocgtuiiied  HtruotTire  always  be  aaen!  What  is  reprosoiitcd  by 
tiiB  fignre  in  the  margin.?  What  by  the  neat  two  fignvest  &81.  By 
ivhat  ai^e  tbe  affinities  of  matlor  controlled  in  the  produeiion  of  organio 
(ompouiidB  ? 
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otoiir  abundaatlj  iQ  pInnL,  but  from  them,  by  the  action  ot  reagents,  n 

long  list  of  other  oomponoda  are  produced,  which  ai'e  neyer  found  ia  tlio 

plaBts  tiiemBclves.    Alcohol,  the  luImoBt  iDimmerabU  ethers,  and  many 

acids,  are  of  liiia  kind.     Some  compounds,  as  aaetic  and  cxolio  acid,  are 

found  ready  formed  in  oi^anio  bodiea,  and  may  also  be  produced  l>y  Uie 

f  eag    ts    I        ther  organio  substances. 

B  t  t  to  b         lerstood  that  all  organic  subBfancos  are  equally 

I    H    t     1      y  f  them,  as  sugar,  wood,  and  gum,  of  yogotable 

ai  d  g  latm       f  auimul  origin,  if  kept  dry,  may  be  pi'eservud 

IP        Uy  1         y  1        li  of  time. 

Th      h   f    I  m     ta    f  organic  bodies  are  carbon,  hydrogen,  osygen, 

d  m.  rog       wli   h  ar    combined  in  different  modes,  and  in  difforeiil 

p    p    t  b  t  b     d     these  some  organic  substances  also  contain  euI- 

fl         ph    [1  hi  ■iae,  colcinm,   potassium,   sodium,  magnesium, 


II 

QffBsnoNS. — Is  ttie  influence  of  this  piinciple  of  vitality  essential  lo 
the  production  of  organic  compounds?  TVliy,  after  death,  do  mosl 
organic  substances  spontaneously  decay  !  Are  moat  Organic  compounds 
found  ready  formed  in  tlie  bodies  of  plants  and  animals  ?  What  is  said 
of  iiloohol  and  the  ethara  ?  May  some  orgoiiio  bodies  be  proaerted  for  a 
long  pei'lod  ?     What  are  the  chief  elements  of  organic  bodies ! 
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535  Molecular  Stnictiue  of  Compounds — It  m  well  iiiown 
lliaf  two  c  mpoun  \'i  exictlj  thp  simp  in  co  v]  osition  (172')  often 
diffar  Teiy  coiisidtiilly  in  thur  piojcrtii-s  Thi"*  diffi-ronce  is 
believed  to  be  ooeisioned  by  differences  m  tie  mode  of  irrange 
ment  nf  tLe  particles  in  tlie  lompouiids  r,  in  other  wcrd  irt 
their  HiDlecular  structure  In  geneial  whilp  we  undei  tand  well 
the  elements  of  many  compoundi,  we  really  know  little  of  the 
mode  in  which  these  elements  aie  giouped  together  in  icy 
pirtioular  oa=e  We  Lnow,  for  instance  that  tbe  equivalent 
of  sulphvmo  -icid  &0j  contains  1  atom  of  sulphur  and  S  atoms 
of  osjgen  but  we  cannot  say  whether  these  aio  gioupcd  as 
S  +  30  SO+20  or  &0,+0  t^r  those  tliice  moles  ire  all  alike 
possible,  Heie  it  would  seem  that  there  can  be  only  three  modes 
of  combination,  but  in  more  complex  compounds  the  number  of 
possible  modes  may  be  greatly  increased. 

Thia  aupposed  liifFerenoe  in  the  mode  of  combination  or  grouping  of  tbe 
Bton  *■  of  a  comp  nd  mnv  be  rej.rB  ented  to  tbe  ejobj  n  eans  f  a  dia- 
giam      TLu     let  ns      no  e  Ibatwe  bare  a  comj;  unl  of  tw    siaipla 


f,  Igt     cos   an]  t]  at    n  the  afoni  of  the  compo     d  the  o  a  e  8  atoma 
of  oa  h    f  the  elera    t    —    i   e  cnti  g  the  ja  ti  Ids  of   na  ku  d  of  mat- 
ter by  the  da  k    ]uarea   and  the  othe   1  y  tl  e  hght  one     the  fo  ir  fignrea 
ind        cl    t  m   1      of  gconping.     Now,  as  eveiy  indo- 
g  -tioles  may  produce  a  new  Bubstance, 

in  m  four  aubstances,  all  having  the  same 

ul  m  as         g  propei-ties  altogether  different. 

536   C  mp     nd  Ead    a        Homenolature. — Compound  radi- 

m  w    ch  are  capable  of  performing  tbe 

they  combine  with  elementary 

b  d  w  h      h         mp    nds  in  the  same  manner  as  simple 

Q  tan    a  having  the  same  composition  differ 

in  ttieiv  properties  ?  How  ia  this  difference  believed  to  be  oooaaioned  ? 
What  is  aaid  of  aulpburio  acid  in.  this  oonneotion  ?  How  is  the  supposed 
diffevence  in  the  mode  of  grouping  among  the  atoms  of  a  compound  illus- 
trated by  the  figure?    536.  What  are  oompound  cadioals? 
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Bubstances,  and  may  often  be  substituted  for  these  in  the  com. 
pouuds  of  whicli  they  form  a  part. 

One  of  the  best  known  of  these  compound  radicals  is  cyanogen, 
CjN  (316),  which,  as  is  shown  by  the  formula,  is  a  bicarboDido 
of  nitrogen,  This  group  of  atoms,  it  is  well  determined,  is  capable 
of  combining  with,  the  mebila  and  otber  substances  in  the  same 
manner  as  osygen,  chlorine,  sulphur,  &o.,  producing  compounds 
similar  to  the  oxides,  chlorides,  &c.,  which  are  calied  cyanides. 
United  with  oxygen  jt  forms  oyanio  acid,  with  hydrogen  it  forms 
hydrocyanic  acid,  &c.  So  ihrongh  a  long  soi'  f  tl 
pounds,  this  group  of  atoms  is  found  everywh 
functions  of  a  simple  substance. 

Other  aomponnil  radioalB  wMoli  bave  been  detena 
CjHji    ethyle,   C^Hj-,    hulyryle,  CjH,;    vaiyle,  C|H,;  H       & 

Still  oUiei'  compounds  of  the  same  akaraGter,  bnt  m 

plex  composition,  are  bsnayle,  CyHjOj;   eacodyle,  C  H  As 
043580 ;  itacmeihyU,  CjHjZn ;  eiibmelhyte,  {CjHjJaSb  & 

S37,  Tbat  tbese  groups  of  atoms,  and  tas.-aj  oUter 
into  compositioa  with  &6  simple  aubstanoes,  and  w         ac 
are  capable  of  being  transferred  by  singia  or  double  fi 

one  compound  to  another,  are  facta  too  well  esttib 
verted.     All  those  mentioned  ahoye,  esoept  perhap 
been  obtained  in  a  separate  state ;  and  many  tha 
obtained  may,   with  grjat  probability,  be  assnme     as       tlq 
eKistenoe. 

Considering  the  existence  of  these  groups  den  m  m 

radicals  s£  fully  established,  it  wiU  be  seen  at  on  nm     es 

a  ready  mode  of  olaBsifyiag  orgacio  compouoda,  and  m 

them  a  aystematjc  nomenclatnre.     Thus,  if  we  take  H 

basis  or  starting  point  of  a  series,  we  have  for  its  bmary  compounds  the 
oxide,  chloride,  iodide,  enlpMde,  Sic, ;  and  for  salts  of  its  oside,  the 
hyponitrite,  nilrate,  aoetate,  ha.,  as  follows,  viz. : 

Binary  Compounds. 

1.  Bthyle 0,irj, 

2.  (Mde  of  otlijle,  C^HjO,  oommon  sulphuric  ether, 

3.  Chloride     "       C,H,C1,  hydrochloric  " 

4.  Iodide         "       C4H5I,  hydriodio  '" 

5.  Sulphide     "       CjHjS,  bjdrosulphurio  ' 

SalUi  of  Oxide  ofElhyU. 
1    Nitrite  of  oxide  of  ethjle,  CJIsCSOj,     hyponitroua  ether 

2.  Nitrate        "  "       CsH60,N05,      niti-io 

3.  Acetate        "  "       C,HjO,C4H,05,  acetic 
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The  foregoing  are  ^ven  ns  examples  only;  —  tliis  Berlas  mlglit  b« 
estonded.  raneh  furtiiBi',  and  manj  other  series  might  be  introduecd,  n3 
the  metbyle  series,  which  would  inclnde  the  componnda  of  methjle,  OjHji 
analogous  to  the  ahove,  the  aoetyle  series,  the  oaoodyle  series,  &a.  A. 
nonienclatura  of  organip  oomponnda  constructed  on  this  principle  has 
been  adopted  by  able  and  judicious  chemists ;  but  aa  there  is  no  proof 
that  mioh  a  uomenclatnre  truly  represents  the  real  molooular  structure 
of  these  campoimda,  we  do  not  maJie  use  of  it  in  thifi  work. 


638.  A  sHght  examination  only  is  needed  to  show  that  most  organic 
(ompouUiJH  may  he  arranged  in  aeries  in  a  yarietj  of  ways,  ea^h  now 
mode  requiring  or  suppo^ng  a  new  molecular  arrangement.  Thus  in 
ihe  co'mpounils  represented  In  the  table  above,  if  we  commence  with  ole- 
fiant  gae,  or  ethylene,  C,n„  instead  of  ethyle,  C^H^,  then  we  may  con- 
sider the  latter,  C,H(  =  C<H  H  aa  th  hydnde  of  ethylene,  and  etlier, 
C.H,0  =  CjHj,HO,  aahydr  te  f  thjl  hydrochloric  ether,  C4Hs01  = 
C^H^HCl,  ashydrochlorate    f   tt  1  n     & 

539.  The  real  mode  in  wh  h  fh  p  rh  1  of  organic  compounds  are 
arrangeci  (585),  at  least  in  m  t  a^  his  not  yet  been  satisfaotoriiy 
determined ;  and  it  is  ther  f  imp  as  b!  Q  the  present  slate  of  our 
knowledge,  to  fix  upon  a  p  p  y  tern  t  nomenolaturo.  The  same 
may  also  be  said  of  the  form  lie  it  p  csent  these  compounds.  A 
distinction  ia  often  made  between  empirical  ami  rational  formnlte,  tlio 
former  representing  the  composition  as  determined  by  ordinary  analysis, 
without  any  attempt  to  indioate  the  arrangement  of  the  particles;  the 
latter,  on  die  other  hand,  representing  not  only  the  composition  of  llie 
compound,  but  also  its  molecular  structure.  Thus,  the  composition 
of  acotio  acid,  a,s  deiarmined  by  aiialysia,  is  CjHjO^;  but  when  this  aoiJ 
combines  with  a  base  it  always  parta  with  one  eqmTa,Ient  of  water  (or  ita 
elements),  so  that  its  salts,  the  acetates,  have  the  general  fm'mnla, 
EO.C.HaOa.  This  would  seem  to  indicate  that  the  formula  for  the  acid 
shoald  he  written  C,H,Oj,HO.  But  cErt-ain  considerations  have  led  us  to 
the  belief  that  iu  anhydrous  acetio  aoid,  C,HgOg,  1  equiTslent  of  tlie 
oxygen  is  held  in  a  different  state  from  the  rest,  and  therefore  its  formula 
ehoSd  be  CjHjOipO.  Adopting  ttwe  ^ews,  then,  while  it  is  admitted 
that  the  empirical  formida,  CgHtO^,  represents  correctly  the  elements 
of  aootic  aoid,  its  rational  formula  irill  bo,  CjHjOaO  -f-  HO.  In  otlior 
woi'ds,  it  is  a  compound  having  for  ita  primary  radical,  acetyle,  C4DJ,  and 
for  its  aeoondary  radical,  C^HjOj. — [Dr.  Oibbs'  Sfport,  p.  43;) 

640.  In  the  following  pages,  a  systematio  nomenclature,  aoEording  to 
any  parSoular  theory,  is  not  attempted;  —  the  names  of  compounds 
adopted  are  those  in  general  use,  wiUi  a  few  unimportant  modifications. 

QuBSTioNs.~Why  is  not  the  nomenclature  of  the  compound  radioa! 
theory  made  use  of  in  tills  work?  638.  May  most  of  tie  orgaaio  oom- 
pounds  be  arranged  in  seties  in  a  variety  of  ways!  Qive  the  illustratiim 
iu  the  test  639.  Has  the  real  molecuhirBtnicture  of  organic  corapouiids 
been detflvmined ?  What  are  empirkal,  and  vihsX rational  formula!  O'wa 
the  illustratiou  by  reforonoe  to  aoetic  acid.  540.  What  is  said  of  tlis 
Qomouohitnre  used  in  the  remaining  part  of  this  work  I 
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In  many  oasca,  oompouuds  are  nnmed  from  aome  ono  of  the  natnril  pro- 
iliiciiona  io  wiioh.  tbej  are  found,  as  tnaJic  acid  from  malum,  aa  apple ; 
cilrk  add,  from  Bilraa,  a  lemon ;  valeriaaic  acid,  found  in  the  root  of  the 
plant  colled  vattriatia  o^cinalis ;  cinchonia,  obtained  from  the  bark  of  the 
ci;KAo»ia  condamaiea,  &o.  The  formuto,  in  general,  are  (o  be  oonwdered 
only  as  empirical ;  fraciuectly,  two  formulte  are  f^ven  for  the  same  com- 
pound, with  the  sign  =  bet^reen  thorn.  In  Bach  oases,  the  &ret  is  always 
the  empirical  formula,  while  the  eoeond  indicates  something  fm'tber,  as  it 
regards  the  supposed  oonalitudoa  of  Hie  compound,  or  i£e  mode  of  il3 
I'oacllons  -mtb  other  snbstonoea.  The  formula  for  oane  sugar,  for  in- 
stnnoe,  is  written  CijH:„0ji  =  C„H50e+  2H0,  by  which  it  is  indicated 
that  2  equivalents  of  water  (or  &b  elements  of  water)  Bustwu  a  relaHon 
to  tiio  compound  iiiffereut  fi"om  that  of  the  oUier  atoms  of  t' ' ^"■ 


LatBs  of  Combination  and  Transfi/rmafiun. 

541.  We  have  seen  (536),  that  in  organic  compounds  certain 
groups  of  atoms,  called  compound  radicals,  frequentlj  are  found 
to  perform  the  functions  of  simple  substaooes.  Many  of  these 
gi'oups  are  alrcadj  known,  and  many  more  will  probahly  be  here- 
after discovered.  If  all  the  groups  capable  of  acting  in  this  man- 
ner, with  their  properties  and  relations,  were  known,  it  is  very 
probable  that  the  transformations  of  organic  bodies  would  not 
differ  essentially  from  those  of  inorganic  matter,  except  as  they 
are  affected  by  this  circumstance.  In  other  words,  all  cases 
of  chemical  action  would  be  reduced  to  instances  of  direct  union, 
or  of  single  or  double  elective  affinity. 

When  potassium  ia  burned  in  osygen  gas,  diract  union  fakes  place 
between  the  two  elements,  and  potaasa  (oxide  of  potassium)  is  fonned-- 
K4.0  =  K0.  But  when  potassium  is  thrown  into  water,  we  have  a  case 
of  single  elective  atfinity,  as  shown  by  the  ec[ualioa  representing  tie 
roaolion; — thus,  K-f-  HO  =  EO  +  H.  We  may  say  in  this  case,  eitier 
that  the  oxygen  is  transferred  from  the  hydrogen  to  the  pofasaium,  or 
that  the  potassium  has  replaced  the  hydrogen  of  the  water.  When 
solutions  of  nitrate  of  baryta  and  snlpLale  of  soda  aje  mixed  together, 
we  have  an  instance  of  what  is  called  double  elective  afBnily ;  and  by  a 
doable  transfer  of  elements  we  hare  formed  the  two  new  compounds,  sul- 
phate of  baryta  and  nitrate  of  soda.     Thus, 

BaO,HOB  +  NaO,SOs  =  EaO,SOj  +  NaO,N05. 

Questions. — How  are  compounds  often  named?  \ie  the  fiiinuli, 
given  to  be  oonsidei'ed  aa  empirical  or  rational?  541  Mbat  is  "aid 
of  the  transfoimations  of  organic  compounds  as  con  pared  lyitli  tho'io 
"   ■  ■  "  -  •      What  illnstraWons  are  given  from   luuriiaiiie 
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642.  So  in  organic  chemistry,  moet  if  not  all  T^ootions  will  be  similat 
to  one  or  another  of  the  above  cases.  When  olefiant  gas,  CiH,  (808), 
wliioh  is  properlj  an  organic  product,  and  chlorine,  CI,  are  brought 
together,  they  combine  to  form  an  oil-like  liqnitl,  CjH4Clj.  Bnt  often 
when  two  compounda  liaye  in  tiiifi  way  combinei^,  the  new  and  mora  oom- 
ples  oompound  that  la  formed  may,  by  a  alight  ohnnge  of  oironmatances, 
or  eyen  apontaiieously,  break  up  into  cotnponnda  of  less  complex  eonatj- 
tution.  We  hare  a  eaae  of  this  kind  in  sulpho-vinic  aeid,  which  is  form'''! 
by  the  union  of  alcoiiol,  C^HgOj,  with  sulphuric  acid.     Thus, 

C,H50a+2(S03,HO)  z^C^^fi3,2{SQ3H0)  =  C,HjO,HO,  2{S03HO). 

This  last  substance,  called  monoliydrated  sulpho-Tinio  acid,  wheu 
heated,  breaks  up,  not  intD  alcohol  and  monohjdrated  sulphuric  aeid, 
but  into  ether,  C.H^O,  and  2S0^8HO. 

But  moat  of  the  transformalaons  in  organic  bodies  may  bo  considered 
03  instances  of  double  ilecompositJon,  or  donble  elective  affinity.  The 
action  of  chlorine  upon  aoelje  acid  is  properly  of  this  kind,  as  is  shown 
by  the  following  equation.     Thus, 

C^H^O,  +  6Cl  =  C,HCljO,  +  3HCJ, 

It  is,  indeed,  true  that  chlorine,  one  of  the  substanoos  used,  is  not  a  oom- 
pound, but  wa  are  to  consider  that  the  action  is  the  same  as  if  eaoh  of 
the  three  atoms  of  hydrogen  were  Bnocessively  replaced,  giving  for  the 
first  atep  in  the  process  the  reaoaon,  C^HjO,  -j-  2C1  =  CjH^CIOj  +  HCl. 
Oue  atom  of  Hie  ohlorine  ia  transferred  to  ftie  acetic  acid,  which  at  tJie 
same  time  ^ves  up  1  atom  of  its  hydrogen  to  combine  with  the  second 
atom  of  chlorine,  to  form  hydrochlorio  aoid.  This  reaction  three  limes 
repeated  results  as  given  above,  in  the  replacement  of  3  atoms  of  hydrogen 
by  as  many  atoms  of  chlorine. 

543.  Substitution  or  Metalepsy. — We  have  seen  above  that 
Ij  the  action  of  ohlorine  iipoD  acetic  aoid,  CjHjO^,  the  latter  loses 
3  atoms  of  tydrogea,  and  takes  in  tbeir  plaoe  3  atoms  of  chlorine ; 
in  other  words,  3  atoms  of  chlorine  are  subt.titid/'d  in  the  aoid  for 
an  equal  numbei  of  atoms  of  hydrogen  The  new  compound, 
(.(IlCljOj,  It,  called  ohloncUio  acid,  and  in  most  of  iti  pioperties 
Uoselj  resembles  acetic  aeid,  fiom  wbich  it  has  been  foim^d 
Iraniforinations  of  this  kind  ire  of  very  frequent  oi,(,uircnce, 

QoESXioNs — 542  What  is  the  eftect  when  olefiant  gas  and  chloima 
are  biought  togethei  t  When  two  sabstanoes  combine  ao  as  to  furm 
a  moie  oomplei  oomponnd,  will  they  sometimes  break  up  m  snch  n 
TOinnei  as  to  foim  compounda  difttrent  from  those  which  at  hrst  united  t 
Give  the  iEnstration  by  referouce  to  alcohol  and  snIpLurio  aoid.  What 
is  said  of  acetic  aoid  and  chlorine  in  this  connection  ?  543.  Wliat  is  the 
change  produced  in  acetic  aoid  by  the  action  of  chlorine  ? 
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and  the  exchange  or  suhstitution  may  take  place  between  atoms 
Of  groups  of  atoms  (•ompound  radicals)  which  are  similar  to  each 
other  in  their  chemical  relations. 

Hjdrogon  aeeniB  to  be  inora  frequently  replooed  than  any  other  element; 
and  there  may  be  substituted  for  it  chlonua,  iodiue,  bromine,  or  a  metal, 
or  OTOQ  a  oompound  radical,  as  meiliyle,  ethyle,  &o.  lustauces  of  the 
latter  kind  are  seen  iu  elhylamine,  dietbylamioe,  &o,,  in  which  one  or 
more  atoms  of  hydrogen  in  ammonia  are  replaced  by  ethyle.  Tlina, 
ammonia  =NHHH,  ethylamiae  =  NHHC,Hj,  diethjlamine  =  ]SH(C.Hs) 
(C,H5)  =  NH(CjH5)j,  &o. 

As  hydrogen,  chlorine,  iodine,  &c.,  form  a  natural  family,  one  of  which 
may  replace  another  in  the  coinponnds  they  form ;  so  citrogen,  phos- 
phorus, arsenic,  andmony,  and  bismuth  form  anoUier  family,  the  indi- 
viduals of  wMch  sastain  a  siioilar  relation  to  each  other.  Arsenide 
of  hydrogen,  AsH,  (292),  corresponds  to  ammonia  in  wMch  the  nitrogen 
is  replaced  by  avaonio ;  and  the  compound,  8b(C,H5)5,  may  be  regarded 
as  ammonia  in  which  l^e  nitrogen  is  replaced  by  antjmony,  and  the 
hydrogen  by  ethyle. 

Still  another  nataro!  family  is  formed  by  oxygen,  sulphur,  selenium, 
and.  tellurium.  Alcohol,  C4IJ5OJ,  by  a  substitution  of  sulphur  for  ita 
oxygen,  forms  meroapton,  or  sulphur  alcohol,  C^HjSj. 

544.  Conjugated  or  Coupled  Compounds. — Many  of  the  com- 
pounds produced  by  traDsformations  in  accordance  with  the  above 
pi'ineiples  ir"  frequently  called  conjugated  or  coupled  compounds. 
They  m  y  b  d  1  nly,  or  Eicids,  or  bases.  As  the  name 
implies,    by  pp     d  to  be  formed  by  the  union  of  other 

compon  d  1  11    tlie  eharacteriatic  properties  of  one  or 

the  oth       f   1  pl  ng  compounds  will  ba  more  or  less  pre- 

Eorved  h         w  oupled  compound.      Thus,  ethylaminc, 

NIIHC  H  pi  d  or  conjugated  ammonia; — it  is  a  sub- 

staoee  f  ni  d  n  1  ^pf.  of  ammonia,  and  possessing  nearly  the 
same  pr  p  hyl     CjHj,  being  the  couplet.     So  the  com- 

pounds, Ice.)  I  0  Hs,Zn,  OjHaBi,  &c.,  are  called  conjugate 
metals 

345.  Homologous  Bodies,  —  Homologous  bodies  are  bodies 
which  may  bu  arranged  ia  series,  all  the  members  of  which 
are   similar  in  their  general  properties  and  chemical  relations, 

Questions. — Between  what  may  substitutions  take  place !  Wliat  other 
clcuionta  or  compound  radicals  may  bo  substituted  for  hydrogen  t  What 
elements  constitute  a  natural  family  with  nitj-ogen,  capable  of  replacing 
eachotier?  544.  What  are  conjugated  or  coupled  compoundH!  What 
ci;ampleB  ore  given !  5dS.  What  aro  homologous  bodiot;  ? 
84* 
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and  are  compospil  of  the  ^ama  elemenls,  but  diffi-i  fiom  eaoli 
other  io  compoaition  b}  tlij  addition  or  suhtraotion  of  the  ele 
ments,  CeHj  or  some  multiple  of  tUis  espiession  Of  tbis>  kind 
are  the  akohuh,  ili  of  whii,h,  though  they  diffei  groatlj  in  some 
of  tlieir  properties,  stili  liwe  mauj  pomt'j  of  icfiemhlanoe  The 
cotuposition  of  all  that  aie  kuown  will  be  seen  liy  the  following' 

1    Methjbc  alculipl  [woo'l  fepirit)  C  H,Oj 


3    Piopjlto  nloobol 

CeHA 

i    Eutyiio 

C,H„0 

6    Arajlic                {fusel  uil) 

<-i«H,  0, 

6    Ciprjho 

C„H„0 

7   Etlial  (eenlic  nkohol) 

C^il,fi^ 

8.  Cerotine  (cerotio  alooliol) 

CmHsiO, 

9.  Melisi«ne  (melisaio  nltohol) 

C,oH^O, 

Each  of  these  oompoimcis,  denoramate]  alcohols  it  mil  be  seen  oon- 
toiiis  2  atoms  of  oxygen ; — tte  first  oi  meUiTlio  alcohol  contajiis  C,H. ; 
the  Booond,  C,irg  =  ^H, -l-Callj  the  thud  CflHj  and  so  on  for  the 
others,  by  the  addition  in  each  oa&B  of  CjHj,  or  some  multiple  of  this 
expression.  In  the  cases  reqnmng  a  miiltiple  of  CjH„  it  nonW  seem 
that  one  or  more  intermediate  ooniponnds  are  wanting  Tlieie  may  here- 
after bfl  BuppUecl ; — as,  for  inetanea,  between  amjlio  and  oaprylic  alcohol 
the  compound,  CjjH^Oj,  is  aot  yet  Itnown,  but  when  a  compomid  haying 
this  constitution  shaU  bo  discoyered,  it  is  safe  to  predict  that  it  will  haTe 
tlio  general  properties  of  this  olaaa  of  bodies. 

We  liare,  therefore,  as  a  general  espresHve  for  the  alcohols,  the 
formula,  C^^B^U  +  i)Oj. 

Besides  the  ahOTO  series  of  alcohols,  many  other  series  are  known, 
among  (vhioh  are  the  following,  taken  lilom  Gibbs'  Report: 


Hydrogsns. 

AtetcBoa. 

FormidAdds. 

,      Oleic  AcMs. 

H 

CjHa 

Cgll^O. 

C5H4O, 

C.H, 

CiH4 

C,H,0, 

C,H,0, 

C,Hs 

CsHj 

CiHeO, 

CioHjO^ 

"e^f 

fsRs 

CsH,0, 

C,3H,oO^ 

r".; 

•■  fCj„Hj,-J-, 

C.H, 

Ca,Hs.O, 

C,,H,U- 

-.)0i 

m 

The  compound 

C,H„  which 

in  all  these 

aenas  snetair 

la  so  im- 

But  it  ia 

QCBSTIONS  — In  what  flo  homologous  bodies  of  tlie  same  series  differ 
fiom  each  othei  in  oumpo=itionE  What  serios  of  substances  of  this 
Itiud  i'  mentioned'  What  is  said  of  tho  composition  of  the  alcohols! 
Si-vo  the  geneial  foiTuuH  for  the  alcohols.  5i6.  What  ia  tlie  oompo nod, 
Cjltj,  heie  called ' 
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or*  perhaps  a  certain 
e  homolo^zing  body, 
om  each  otiher  by  Cg 
ly  connecting  tlie  cov 


in  general  similarly 

pfl 

fi           of  thoES  bodies  given 

H 

0 

ta    e,  by  tlie  action  of 

m     g  na  acida,  C^Hi;,Oj;- 

t,h 

al 

d       sereirai  casea,  another 

d 

m  al  ohol  dehy'li'ogenatQa), 

jnEdentlj  anticipate,  will  liereaftec  b' 
The  following  toWe  contains  tlie  formulse  of  tlio  alcoliola,  tlieir  cor- 
responding aldehydes  (when  known),  and  acids: 

Alcoliola.  AMeHjdBS.  AciilB. 

1.  Mathylio  CjHjO  CjHaO,. 

2.  Wine  r^lV'a  CJT.Oj        C^H^O^. 

3.  Piopjlic  CsHjOj  CgHA       CbHjOj. 

4.  Bntymo  CjH,„0  CsH^Oa       CjITbOi. 

6.  Amjho  OioHijOa  C^Hi^Oj    C^HioOj. 

6.  CapjyUo  C^^Jiyfi^ C,5H|,04. 

7.  Ethalio  CbjHjjOi  t^^inOi  CasHj^O,. 

8.  CarotiB  fwH^BOj  C^Hs^Oj. 

9.  MeliBsio  CjoH„Oj CeoHeoO^. 

Besides  the  aoids  in  the  aliova  list,  several  others  are  known  of  tbe 
aame  series,  aome  of  ■which  will  fjereaflor  be  menlioned;  but  the  oor- 
responding  alcohols  and  aldehydea  bave  not  been  discovered. 

349.  In  every  homologous  series  as  yet  known,  containing  oxygen,  the 
number  of  atom?  of  this  element  is  constant ;  and  the  same  appears  to  be 
t         f     t    g  n  a.  will  hereafter  be  shown. 

I     th    aJ    h  1      ries,  Cj,H3U-f-,)0j,  it  ia 
w        n  g       to  1,  and  tlie  fonuvila  tbi  .   ,  .. 

ret  es  n  thyl     alcohol,  but  what  the  ostreme  upper  limit  may  bo 

w    ar  ut     If  in  the  general  formula  for  the  alcohols  we  make 

B=       th     f      ola  becomes  E^Oj=^2}lO,  which  repreaonts  2  atoms 
of  w  te       W  f     IS  therefore  said  to  be  the  type  of  the  series.    In  like 

QiTESTiOHa. — May  there  be  other  homologizing  bodies!  64T.  What  is 
Raid  of  the  effaot  of  raiments  upon  homologous  bodies  of  the  aamo  aeries  ? 
Iota  what  are  the  alcohols  converted  by  oxydiiingroi^ents?  What  inter- 
mediate product  ia  obtained  in  some  cases  ?  What  are  oontjuned  in  Oiq 
tahia  ia  thia  pna-agr.iph  !  648.  What  is  said  of  tlie  osygen  and  nitrogen 
-    -  ' ' '    Why  is  water  said  to  be  the  !!^a 
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manner  tlio  genera)  formula  for  tlic  oleic  acids,  CVH2(, — ,)0t,  wlion 
ij  =  1,  becomes  CiO(  =  2COb;  tlie  type  of  the  series  is  therefore  oar- 
bouie  aoid,  COj. 

649,  Although  all  the  ooiiiponnds  of  any  homologous  series  aro  essen- 
tially similar  in  their  loading  properties,  jet  we  may  often  obsene  a 
gradual  transition  as  wo  pass  &om  one  to  another  of  the  same  serie^l. 
'X'he  oarbo-hjdrogens  (Hydrogms  and  AeeUnes,  p.  402,)  having  iliB 
Hmallest  number  of  atoms  are  gnseons  at  ordinary  temperatures,  but 
as  we  ascend  in  the  series,  that  is,  as  the  number  of  afomH  in  the  oom- 
poimd  is  inoreasod,  they  become  less  and  less  TOlaldle,  until  Vae  higher 
members  of  the  series,  at  the  ordinary  temperature,  ars  liquid,  or  eiea 
solid.  Methylio  alcohol,  the  first  is  j^e  alcohol  series,  boils  at  152°,  and 
tlie  others  have  each  a  liigher  boiling  point  in  proportion  aa  the  number 
of  atoms  is  inoreaaed.  The  last  tlirce  are  solid  at  ordinary  temperatnvea. 
1\\  geneinl,  in  any  series,  the  boiling  point  becomes  higher  as  the  whole 
iiuuiboi'  of  atoms  in  the  compound  is  greater. 

550.  Analysis  of  Oi^;anio  Snbstances. — The  analysis  of  a  compound  has 
for  its  object  to  determine  its  composition ;  aiid  in  organic  ohemislry  may 
bo  cither  proxanule  tir  tiUimati.  By  the  proximale  analysis  of  a  substance 
we  sepai'ate  and  determine  its  proxiraals  principles,  or,  in  other  words, 
(lie  several  ot^anic  compoonds  which  may  be  contained  in  it,  as  sugar, 
gnra,  albumen,  &c. ;  but  by  its  uUimate  anah/m  we  determine  its  atlmaie 
elements,  as  carbon,  hydrogen,  nitrogen,  &c.  The  methods  of  BepH«iling 
Uie  prosimate  prinoipleB  will  be  described  as  we  progress,  but  for  general 
modes  of  analyses  the  intelligent  student  will  consult  works  tfoating 
specially  of  Analytical  Chemistry, 

551.  rroximate  principles  are  the  proper  organic  compounds,  which 
cannot  be  separated  into  other  kinds  witliont  ovideatly  changing  thetr 
nature;  they  are  usually  characterized  by  one  or  more  of  tiie  following 
properties,  viz. : 

1.  Capaliility  of  combining  in  definite  proportions  with  otiior  elementary 
substances,  or  well  determined  compounds. 

3.  Capability  of  orystalizing,  when  obtained  in  the  solid  state,  or  having 
a  definite  meltang  point. 

3.  Having  a  definite  boiling  poini^  and  being  capable  of  distillation,  or 
sublimaljon,  without  decomposiUon,  or  a  change  of  proporlies. 

These  compounds  are  seldom  found  uncombined  in  organijod  bodies, 
and  their  separation,  or  the  proximate  analysis  of  the  substances  con- 
taiiiing  tbem,  becomes  an  important  object  to  the  chemist,  and  is  often 
■ittcaded  with  no  littie  difficulty, 

QuiiSTioNS — 549.  Do  we  obserre  a  gradual  transition  in  the  propei-ties 
of  the  members  of  a  homologous  series  as  we  pass  from  one  to  another  ? 
Give  an  insianoe  to  illustrate.  550.  Define  what  is  meant  by  the  prnxi- 
niato  and  what  by  the  ultimate  unaiyses  of  an  organic  compound.  IVliat 
i.'i  a  proxima,te  principle?  651.  What  are  the  characteristics  by  one  or 
more  of  which  an  organic  oompoimd  will  nsually  be  distinguished  ? 
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KTARCil,  SUGAK,  flUM,  LIONINE. 
5S2,  These  four  organic  bodies  constitute  a  natural  family, 
possessing  this  remarkable  peculiarity,  that  each  member  is 
composed  of  twelve  atoms  of  carbon,  nnited  with  3  certain  num- 
ber of  atoms  of  water,  or  rather  with  the  elemenls  of  wal«r, 
oxygen  and  hydrogen.  In  general,  they  are  nutritious  sub- 
etauces,  and  do  not  possess  any  very  active  chemical  affinities. 


STABOH,    OR    PECTILA,    C|jH|oO;o. 

553.  SoUTCeB. — Starch,  or  fecula,  is  obtained  from  a  variety 
of  vegetable  substances,  as  the  different  grains ;  acd  from  many 
roots,  as  the  potato;  and  also  sometimes  f-om  the  stems  of  plants 
It  is  contained  in  the  cavities  of  the  veg     bl  u   i     f    n 

of  small,  white  grains,  which  always  ha  nd  1        1  n     b 

vary  considerably  in  size  and  form,  asobndf       dff  b 

stances.     Each  grain  is  inclosed  in  a  del      «    n    1  p     h  n 

readily  acted  upon  by  cold  water,  but  a 
ruptured  by  the  espansion  of  the  inclosed 
sub  tanoe,  when  the  water  is  heat«,d  nearly 
to  the  boihog  pomt 

To  show  the  ippearance  of  the  starch 
globules,  m  their  cells  lu  the  vegetable 
tissue,  cut  a  lety  thm  slice  of  a  potato, 
and  examine  it  carefully  bv  means  of  the 
compound  raicioscope, — then  appearance  wiU  be  r 
sent«d  in  the  above  figure 

If  the  slice  befoci_  examination  is 
moistened  with  a  very  dilute  ukoholio 
bolutioQ  of  lodme,  the  starch  globules 
will  be  coloied  blue,  while  the  other 
p  irts  remain  unoolored 

Ike  nest  figure  shows  the  amnge 
nient  of  the  starch  globulps  in  agnm   f 

QuBsriONB.  —  552.  Of  what  are  starch,  sugar,  gnm,  &o.,  couiposad! 
."i-iK.  From  what  is  starcli  obtaiaeiM  How  is  each  gi'itia  inslosoii!  Hum 
uifty  tlie  graJiia  of  stiu'ch  be  sliown  m  the  potato  J 


ih  asrepte 
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of  rye.  A,  the  outer  sced-eoat,  which  constitutes  the  bran  after 
grinding;  Bj  the  gluten  (to  be  desciibed  hereafter);  and  C,  the 
grains  of  starch. 

The  grains  of  starch  from  different  sources  vary  greatly  in  size, 
and  present  different  outlines.  Of  the  following  figures,  A  ropre- 
sonts  starch  grains  of  the  potato,  B  those  of  wheat,  and  0  those 
of  peas. 

ABO 

S     a  €^&^  ^^ 

II«        ^C&  ^^^ 

mm  ^   o  (sa 


554  Preparation  aoid  Properties  — Starch  is  easily  obtained 
.  u  [  ot  0  0  1  y  ma  1  n^  tl  e  tube  -s  and  then  inclosing  the  pulp 
in  a  piece  of  cloth,  and 
wa  hing  it  freely  with 
cold  water,  at  the  same 
t  me  pressing  the  mass 
between  the  hands. 

From  wheat  or  rye 
fl  r  it  is  easily  procured 
b  placing  the  flour  upon 
a  piece  of  muslinj  and 
w  rUing  it  with  the  hand 
vh  le  a  small  stream  of 
water  is  poured  upon  it. 
The  starch  is  washed 
through  with  the  water, 
while  the  gluten  remains 
f      a  few  hours  the  starch 


rs  — Wh  t    s  a     1    f  t  H     p  n      of  stniiili  gloholos  from 

u  OS       55i    IIownajsiMh  be      tainod  frain  the  potato? 
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Slarcli  is  an  insipid  wliite  solid,  quite  insolublo  in  cold,  but 
filiglitiy  soluble  in  boiling  water.  In  the  latter  cose,  the  grauulca 
are  broken,  and  the  broken  envelopea  floating  in  the  solution  give 
it  the  consistence  of  a  jelly.  In  this  atate  it  is  used  for  stiffening 
linen. 

Though  quite  insipid  to  the  taste,  it  forms  a  large  part  of  mnny 
articles  of  food,  as  the  different  grains,  rice,  the  potato,  and  other 
esculent  roots.  It  also  performs  important  functions  in  nearly 
all  vegetables  during  their  growth. 

The  substances  known  as  arrow-roof,  tapioca,  and  sago  are 
different  varieties  of  starch. 


835,  When  stareh  \s  kept  for  soma  lime  nt  a  teuiperature  between  800° 
and  400°,  it  ondergoes  a  pecnlinr  oimngo,  aud  bscomes  soluble  in  cold 
water,  and  is  called  liTiiish  gian,  or  leioeome. 

A.  BnliBtanoe  Terj  eimilar  to  tha  abOTe,  bnt  called  dexlrme,  is  produoot! 
by  genllj  hoadng  ataroli  in  water  aoidulated  wilh  aulplrarie  acid,  or  oon- 
taJning  infusian  of  malt.  It  lias  the  same  compo^tloa.  as  starch,  bnt  is 
very  soluble  in  cold  w'ater,  and  is  not  colored  by  iodine.  If  the  mixturo 
is  boiled  for  soino  time,  grape-sugar  is  formed,  of  vihidb  more  will  be  sail! 
hevoaftor. 

Diatlase  is  a  snljEtance  producec!  iu  small  quantity  in  the  process  of 
malting  gnun,  and  is  found  in  the  potato  boou  after  germination  oom- 
meneea,  in.  tha  parts  near  the  joung  germs.  It  is  noted  for  its  speoifio 
oolaoa  upon  starch,  oouTerliiig  it  first  into  destrine,  iu  the  same  manner 
as  diluted  sulphuric  acid,  and  afterwards  into  grape-Bugoi'.  Diastase 
ia  known  to  conftun  nitrogen,  but  ila  composition,  fiirtjier  than  Uiia, 
has  not  been  well  determined. 

656.  The  operation  of  mailing  conasta  in  eiposing  grain  (asuallj  har- 
lej)  (o  the  proper  degree  of  heat  and  moisture,  with  the  free  aoeessioii 
of  atmospheric  air,  to  produoe  inoipiont  germination,  and  tlien  suddenly 
cheoiing  it  by  eleratJng  tha  temperature.  This  is  done  by.  first  soaking 
the  grain  in  water  ontil  it  is  fully  swelled,  and  then  placing  it  in  heaps 
upon  aflooruotil  it  begins  to  germinate,  when  the  further  progress  of  tiio 
vegetable  prooeae  is  ai'rested  by  quiolily  drying  it  at  a  moderately-elovated 
temperature.  During  the  incipient  germination,  a  portion  of  diastase  Is 
prnduoed,  by  which,  in  tie  subsequent  prooesaea  to  which  the  grain  is 
subjected,  much  of  the  starch  of  the  grain,  is  oonvorted  into  deKtrine  anil 
grape-Bugar ;  and  the  grain  (now  called  malt]  booomes  fitted  for  the  use 
ki  which  it  is  applied.    It  ia  chiefly  used  in  the  mannfaeturo  of  beer. 

•  Questions. — What  ia  said  of  the  properfios  of  starch  ?  What  Tarietica 
of  it  are  mentioned  ?  65G.  What  teat  of  starch  is  mBiitionod  ?  How  ia 
starch  nffectod  by  a  beat  of  800"  or  400"!  What  is  drxtnim?  What 
iliaslaief    600.  What  is  mall?    What  nse  is  made  of  malt? 
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5^.  There  are  several  varieties  of  sugar,  but  the  most  imporlant 
are  cane  and  grape-sugar, — aames  suggested  by  tbe  sources  from 
wbicli  tliej  are  respectively  obtained.  All  the  varieties  of  sugar 
possess  a  sweet  taste,  are  soluble  in  water,  and  are  susceptible 
of  undergoing  a  peculiar  change,  called  the  vinous  fermentation, 
by  which  alcohol  is  produced. 

558.  Cane-Sugar,  C,jH„0„.— Most  of  the  sugar  of  commei'ce 
is  obtaiiiLd  fi  jm  the  sugar  cane  (arundo  saccharifcraj,  repre- 
sented in  the  figure ; — scale,  one  inch  to 
four  feet  But  it  is  procured  also  in  this 
countiy  in  large  quantities  from  the  sap 
ot  the  sugar-maple  (acer  saecharinuiii). 
Jlany  plants  contda  it  in  their  juioes,  as 
the  common  beet  and  other  loot"?,  and 
the  stalks  of  Indian  coin  Their  jmces, 
after  being  expressed  from  the  plant,  are 
evaporated  until  a  dense  syrup  is  obtained, 
from  which  a  large  poition  of  the  su^ii 
crystalizes  on  cooling,  and  the  lemaming 
liquid  portion  is  then  diained  off,  and 
constitutes  treacle,  or  9nolassis 

Pure  sugar  is  a  wbite,  inodorous  sub 
stance,  of  a  very  agreeable,  sweet  ta-fte, 
which  it  imparts  to  its  solutions  By 
slow  evaporation,  in  a  very  warm  loom, 
it  is  obtained  in  large  rhomboidal  crys- 
tals, which  are  sold  as  roc&-candi/.  It 
is  very  soluble  in  water,  but  is  dissolved 
SugaMaae.  ^^jy  ^^  small  quantity  in  alcohol.     Its 

density  is  1'6.     It  melts  at  about  356°,  and  on  cooling  forms  a 
transparent,  vitreous  mass,   called  harleysugar,  which,  however, 

QiiEsnoNS. — -557.  How  are  the  sugars  oboiaoteiized  ?    658.  From  wlist 
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after  3  time,  becomea  white  and  opaque,  and  is  then  foiiad  to  be 
a  mass  of  small  crystals.  Its  composition  remains  without  change. 
By  heating  oane-sngav  fo  420°  or  425°,  a  change  of  composition  is 
eff  ptpd  it  then  givea  up  2  atflmB  of  water,  and  a  bi'owa  EubatmiBe  ia 
fuiiaeil,  oilled  caramel,  whiob  has  the  oompoaition,  CijHgOg. 

559  Grape-Sugar— Glucose,  C,aH„Oi,^0,2H,BOis  +  2HO.^ 
This  substance,  which  much  resembles  the  preceding,  has  for  its 
c  npositioc,  when  orj stahzud,  C'bHijOh;  hut  by  ft  boiling  heat, 
two  equivalents  of  water  aje  espellcd.  It  is  more  generally 
diftused  m  natuie  than  cane-sugar,  being  found  in  the  grape  and 
most  other  sweet  fruita.  It  constitutes  also  the  solid  part  of  honey. 
It  may  ba  obtained  from  grapes  by  espresaiog  the  juice,  and  neu- 
ti-a,lizing  the  free  acid  with  chalk,  and  then  clarifying  and  orys- 
taliaiug  in  tbe  same  manner  as  with  cane-sugar. 

Grape-sugar  is  less  soluble  in  water,  and  tbrms  a  less  tenacious 
syrup,  and  is  less  sweet  than  cane-sugar.  One  ounce  of  water 
will  dissolve  three  ounces  of  cane-sugar,  but  only  about  two-thirda 
of  an  ounce  of  grape-sugar;  and  it  is  .estimated  that  one  ounce 
of  the  former  has  an  equal  sweetening  capacity  with  two  and  a 
half  ounces  of  the  latter.  Grape-sugar  does  not  oryEtalize  as 
readily  aa  cane-sugar,  and  is  soluble  in  oi!  of  vitriol,  while  cane- 
sugar  is  blackened  by  it. 

A  dilute  solution  of  aulphate  of  copper,  containing  a,  little  potasso,  or 
tiirtrate  of  potassa,  is  at  once  reuderod  oolorlesB  bj  grape-sugnr,  at  tiie 
ordinary  temperature,  bnt  tJiis  efieot  is  prodoced  hy  oaoe-sugar  only  Ijy 
boiling.  Tliia  servos  as  an  uufajliog  test  to  diadnguisli  the  two  r.irieties 
of  augar.     The  color  of  the  copper  solution  is  destroyed  by  the  prooipita- 
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sngar  prepnrea  from  ataraii,  &o,,  but  the  Weiitily  of  ttiis  aubataoee 
with  the  sugar  of  gropas  is  generally  admitted. 

To  prapare  gvape-sugm'  fi-oni  staroh,  1  part  of  Enlphvirio  add  is  misail 
with  200  parts  of  water,  and  Jieot  applied  Jiiitil  the  mistnre  beginu  fo 
boil;  50  parts  of  stai'oli  are  then  added,  and  Ite  boiling  eontinued  until 
the  liquid  ijeoomoii  parfeotly  clear.  Powdered  ehnlk  is  then  inliodneeii, 
a  little  at  a  -time,  in  order  to  nenb-alize  the  acid;  and  by  a  few  honvs 
standing  the  pulphate  of  lime  fonneii  will  be  precipitated,  leaving  Uie 
liquid  olear,  which  is  now  soludon  of  glucose.  By  evaporation  of  the 
water  it  may  be  obtained  in  crystals. 

Wood,  the  composition  of  which,  as  we  shall  hereafter  see,  is  nearly 
the  same  aa  that  of  stai-oh,  also  yields  grape-sugar,  or  glucose,  by  boiling 
with  Bulphniio  acid.  The  process  is  essentially  tlie  same  as  lie  above, 
esoept  that  a  large  proportional  qnautity  of  the  ftoid  is  used. 

In  both  of  these  pi-ooesses  the  acid  remains  unchanged,  but  by  its  pre- 
sence, in  some  unexplained  raode,  it  oocasions  the  starch  and  the  cellulose 
cf  the  wood  to  unite  witU  an  additional  quantity  of  water — or  the  elements 
of  water — thus  converting  it  into  sugar.     Thus, 

Stai-ch  (or  cellulose),  C,jIIi„0,o4-  4H0  =  C,jTf„0„. 

From  clean  linen,  or  cotton  rags,  more  than  thar  own  weight  of  sugar 
may  be  formed. 

Gi'ape-sngav,  prepared  in  this  way,  is  used  to  adulterate  oane-augar, 
and  in  the  manufacture  of  beer  and  alcolioL 

3agar  of  sour  fritila,  as  ouiTftnta,  cherries,  plnma.  Sec.,  possesses  the 
composition,  C]jH^0,2,  and  readily  ferments,  producing  aloohol,  bnt  is 
uncrystalizahle. 

6S1.  Milk  Sugar,  Laetiue,  Cs4H^OBi  =  Cjirr„0|„-f.5aO.— This  sweet 
principle  is  obtained  by  evaporating  the  whey  of  milk,  purit^ing  with 
animal  charcoal,  and  crjstalizing.  It  is  less  soluble  in  water  than  eitlier 
of  the  other  varieties  of  sngar,  and  less  sweet  to  the  taste.  Undm'  cer- 
tain circumstances,  it  is  capable  of  undergoing  Hie  alooholio  fermentation, 
like  the  other  varieties  of  sugar ;  and  in  some  eountries,  it  is  well  known 
that  an  intosioating  drink  is  made  from  oamets'  milk.  But  when  in 
solution  it  is  allowed  to  stand  in  the  open  air,  at  ordinaij  temperatures, 
laclic  fermentation  tnltes  place,  and  laclia  a<M,  CjHjOj^CjIIjOjiHO,  ia 
formed.  This  change  takes  plane  in  the  ordinary  souring  of  ndlli.  By 
the  action  of  dilute  acids  at  212°,  la«tine  is  converted  into  grape-sugar. 

683.  Mannite.  C^HjOj,  though  not  analogous  to  sugar  m  oompositicFn, 
is  siroilai-  to  it  in  somo  of  its  properties.  It  is  found  in  many  planls, 
but.  ohiotly  in  a  snbstnnoo,  called  manna,  obtained  from  certain  species 
of  the  ash. 

Questions. — Desoiihe  the  mode  of  preparing  grape-sugar  from  wntid. 
Does  the  acid  remain  unchanged  in  the  operation  !  What  is  said  of  the 
siipar  of  sour  fruits?  561.  What  is  milk-sugnr,  or  lactone t  May  il 
nndcrgo  the  alcoholic  ferraentatinn  ?     582.  Describe  mannite. 
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563.  Wo  deaigDatc  by  the  name  of  (/uvi  a  variety  of  vegetable 
substances,  which  are  very  soluble  in  water,  but  insoluble  in 
alcohol,  and  uncryataliaable.  Their  composition  is  the  aarae  as 
that  of  starch,  but  thay  differ  from  this  substanoo  in  several 
of  their  properties. 

The  gums  generally  esude  from  the  bark  of  trees,  as  the 
cherry  and  peach  trees,  and  are  found  on  the  outside  in  tiana- 
piirent  maeses,  which  are  more  or  leas  globular  in  form. 

A  gum  is  a  colorless,  transparent,  insipid,  inodorous  soii'3,  and 
when  perfectly  dry  is  very  brittle,  and  has  a  vilreous  fracture. 
When  put  into  water,  it  first  softens  and  swells  up  considerably, 
and  then  dissolves,  forming  a  niueilage  which  is  often  used  as  a, 
substitute  for  paste,  for  which  it  answers  well.  Its  solubility  is 
itiereased  both  by  acids  and  alkalies.  Gum  Arahie,  g^im  Sene- 
fftil,  and  ffum  tragacantli  are  the  most  common  varieties  of  this 
substance. 

Solationa  of  gum  Arabic,  and  probably  also  those  of  tlio  otJier  gmiis, 
j'ioM  Bug.Tr  by  boiling  witli  sulpliurio  acid ;— boiled  wilb  nitric  add, 
macie  acui  is  fonaed. 

584.  Ftctim  is  a  substance  closely  raeembling  gum,  wliiot  is  found  iu 
many  fniita  and  in  oert^n  roots  ;  it  is  the  Eubstaiiee  contained  in  cur- 
laiits,  chemss,  apples,  &o.,  which  they  yield  on  being  bi^ed,  and  espc- 
olally  when  boiled  with  sugar.  It  is  a  kind  of  vegetable  mucus,  and 
found  in  small  quantity  in  many  fegetables.  By  the  actioQ  of  an  alkali, 
or  almost  any  base,  it  is  converted  into  an  acid,  called  ^(lio  add. 


WOODY    i^IIittS,    LIGNINE,    CELLULOSE. 

665.  Wood  from  a  growing  tree  is  of  a  very  complex  compo- 
sition. By  esaraination  with  the  microscope,  it  is  found  to 
possess  a  highly  organized  structure  (533),  consisting  of  vascular 
(issue,  having  its  cells  filled  with  a  variety  of  subslanoes,  aa 
starch,  solution  of  sugar  and  mineral  salts,  albuminous  Gora- 

fJuBSllONS B63.  Describe  the  gums.     From  what  arc  thoy  ohtained  ? 

What  are  some  of  the  varieties  of  giun?  How  ai-e  the  gum.f  affected  by 
sulphuric  acid?  By  nitiio  acid  ?  564.  De.?cribe  peoOiie.  585.  What  is 
said  of  the  oompositiou  of  gpowiug  trees  ! 
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pounds,  oils,  and  rosins,  depending  upon  the  natarnl  family  and 

lipEoiea  to  whieli  tlie  tree  belongs. 

The  first  figure  in  the  raargin  repre- 
sents a  transverse  section  of  the  stem 
of  El  tree.  A  is  the  outer  bark,  which 
19  usually  rough,  and  has  lost  its  vitality, 

parts  within,  B  is  the  inner  fibrous 
barfe,  in  which  the  sap-vessels  are 
found,  serving  the  purpose  of  the 
teins  of  animals.  Inside  of  this  id 
the  wood,  consisting  of  the  part  0, 
which  is  usually  wliiter  than  the  rest,  and  is  therefore  called  the 
olbuinvni,  or  iapwood;  and  the  Tiearf-wood,  D,  which  is  more 
solid  Biid  durable  than  the  sip  wood,  and  of  a  dailtcr  color  Both 
the  alburnum  and  the  heirt-wood  are  composed  of  concentric 
liyers,  an  addition  ot  a  layei  bung 
3  -A.  made  to  the  alburnum  each  year,  ira- 
mediattlj  beneath  the  bark  The  nest 
fi^uie  represents  a  tiansveise  section, 
III  ignjfied,  of  a  piece  of  pine,  showing 
tl  e  two  kinds  ot  wiod — A,  the  ilbur- 
num ,  B,  the  hejrt  wood  The  innei; 
iin£cs  of  the  alburnum  aie  gradually 
iit-wood,  and  seem  then  no  lon-^er  to 
partake  of  the  vitality  of  the  tree  In  annual  phnt^,  the  woody 
part  corresponds  to  the  alhuruum  of  trees. 

6QG.  CelluloBe,  0,^1,^^^ — -The  Tasoular  tJEsae  of  which  ttb  Iiave 
spoken  ie  eomposod  chiefly  of  eelluloee,  tie  composition  of  wliich,  it 
will  be  observed,  is  Uie  same  as  that  of  Btareh,  thongli  it  differa  essen- 
tjnllj  from  tMa  subBtanca  in  some  of  its  properties. 

Cellulose  ooTistitutea  the  basis  of  wood,  and  is  obtained  bj  digesting 
BuiT-dust,  priper,  or  linen  or  cotton  raga,  EucoeesiTely  in  alcohol,  elher, 
dilated  acid,  diluted  alkaline  solutiona,  and  'water,  so  ns  to  remove  every' 
tiling  wliich  is  soluble  in  ttese  meaatrun. 

It  is  found  in  very  different  states ;  res  indigestible  and  hard,  in  wood, 
ftud  in  tha  shells  of  nnta ;  as  tender  and  easily  digestible,  in  the  esculent 


coniuted  into  film 
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roots,  and  in  the  pulp  of  ft'nits,  as  the  apple,  jicai-,  Sm. ;  as  light  and 
poTOUs,  iu  the  pith  of  the  elder,  and  in  eork ;  and  as  soft  und  flesible,  in 
the  fibres  of  cotton,  flai  and  henip 

057.  lignine,  Woody  rihie — The  vascular  tissue  of  plants, 
when  first  formed,  is  composed  of  neirly  pure  cellulose,  but  after 
wavds  the  cells  become  lined  with  a  hiid  inerufetmg  subatanoe, 
which,  in  trees  and  shrubs,  for  years  inore-tses  m  (hicknew  and 
solidity.  This  is  called  lignine,  or  sometimes  woody  tbre,  though 
the  latter  term  is  more  properly  ■ipplied  to  wool  ns  found  in  the 
tree,  and  composed  of  both  cellulose  and  ligaiae  Lignine  is 
found  more  abundant  in  the  heait-wood  thin  in  the  albmnum 

The  coinposiUon  of  lignine  is  believed  to  1)B  essenlially  the  same  as 
tliat  of  cellnloae,  Irat  it  has  notbei-i  fully  detei  mined 

We  have  seen  above  (560),  tliat  wood  treated  by  ■(ulphurio  noil  it.  cnn 
Tei'ted  into  grape-sugar,  bnt  it  is  onlj  the  cellnlOEe  that  is  capable  of  ihis 
change ;  lignine  is  not  affected  by  sulphurio  aoiti,  or  ouly  charred. 

The  mntuftl  relations  of  staroh,  sugar,  and  woody  fibre,  are  siiignlar 
and  imporfant.  Their  composition,  we  haye  seen,  is  nearly  the  saine; 
and  thoy  are  oouTertible  into  each  other  by  easy  prooesaes ;  indeed,  we 
are  able  to  recognise  this  conversion  as  really  taking  place,  in  certain 
cases,  in  the  natnral  process  of  vegetation,  ss  shown  in  the  malting 
of  grain.  The  saine  change  Inkes  place  in  (he  ripening  of  many  fruits, 
as  the  apple  and  pear,  which  are  acid  rmfjl  they  approach  maturity,  when 
they  become  move  or  less  sweet.  The  sap  of  the  maple  and  other  trees 
oontwn  sugar,  which  subsequently  becomes  changed  into  woody  fibre, 
and  thus  cojitribatea  to  the  enlargement  of  tlio  tree. 


Oitangen  produced  vpon.  Woodj/  Fibre  hy  Acids. 

568.  Wood,  plunged  into  strong  sulphuric  acid,  especially  if 
u  little  warm,  is  instantly  charred,  as  if  held  near  a  liot  fii'e. 
This  is  occasioned,  it  is  believed,  by  the  strong  affinity  of  the 
acid  for  water,  the  elements  of  which,  oxygen  and  hydrogen,  are 
abstracted  by  it  from  the  wood,  leaving  the  black  carbon. 

If  the  sulphuric  acid  be  diluted,  or  if  added  in  small  quantities, 
so  as  entirely  to  avoid  any  rise  of  temperature,  the  effect  is  to  form 
sugar,  as  we  have  already  seen. 

QnBBTiONB.— 507.  In  whut  is  lignine  oc  woody  fibre  found  ?  What  is 
said  of  the  mutnal  relations  of  stai'cli,  sugar,  and  woody  "fibre!  Are 
tliey  capable  of  conversion  one  into  ajiotlier?  568.  Wliat  is  Uio  efi'ect 
ot  strong  sulphuric  acid  upon  wood  ?    What  if  llie  acid  is  diluted  ? 
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ootton  aa  mia  wi         ,         ,ft  cUgfi 

minutes,  proaB  OTit  as  mnoh  of  the  add  as  possible,  luid  wasb  tJiorongltl; 
•with  a  large  Bnpply  of  pure  Wfttar,  and  dry  onrefolly  mlhout  artifioial 
hoat.  It  will  be  fonnd  ^at  two  ounces  of  each  of  tlie  miied  aoids  will  bo 
snffieiont  for  75  or  100  grainti  of  cotton. 

Wlien  thus  prepared,  the  ootton  appears  much  as  before  the  pvoooss, 
but  has  a  harsh  feeling,  and  the  fibres  are  less  tenacious  than  in  the 
original  ootton.  It  also  gtuna  coEBiderably  ia  weight  during  tbe  process, 
80  that  from  100  grnins  of  cotton  aa  much  as  175  grains  of  gim-eotton 
will  often  bo  obtained.  It  takes  fire  Tery  readily,  often  at  a  temperature 
even  below  212°,  especially  if  the  hoat  is  suddenly  applied ;  and  burna 
with  an  immensB  Tolume  of  flame.  Placed  on  a  plate  of  metal,  and  very 
gradnally  heated,  it  may  somotimes  be  completely  decomposed,  without 
igniting,  leaving  behind  a  residue  of  carbon.  When  properly  pvepaiod, 
it  eiplodea  with  great  Tiolenoe,  and  ia  entirely  consumed.  Its  power  to 
propel  balls  is  muoli  greater  than  that  of  the  best  gunpowder,  which  is  stall 
further  inoreosod  by  soaMng  it  in  a  solution  of  chlorate  of  potash  before 
di-ying. 

The  ooroposltion  of  pjrosyline  ia  is  uncertain ;  but  it  is  known  that, 
by  the  action  of  the  acids,  oiygen  and  hydrogen  (in  tJie  form  of  water) 
are  separated  from  the  ootton,  and,  at  the  same  mme,  nitric  acid  com- 
bines with  it.  The  most  probable  opinion  is  that  2  equiraleuts  of  oellulose 
combine  with  3  cq^uivalenta  of  nitric  acid,  giving  up  at  the  time  3  equiva- 
lents of  water.     Thus, 

CjjHa,Oa,-l-  5N05  =  CjJI„Ojj,SK05  +  3H0. 

Guu-cotton,  though  insoluble  in  wator  or  alcohol,  is  nsJially  found  quite 
BolnMo  in  Bolphuric  ether  conlaiDing  a  little  aloohoL  Bat  tbia  ia  not 
always  the  case;  and  it  ia  belioTed  there  are  at  least  two  diEFerent  com- 
pounds formed  iu  the  process,  one  of  them  being  aoluble  in  alcoholic  ether, 
and  the  other  insoluble.  Tbe  insoluble  variety  appears  also  to  OJploda 
with  more  yiolcnoe  than  the  other. 

The  gelatinoofl  ethereal  aolutioii  of  gun-cotton  ia  used  in  aurgory,  aa  a 
Bubslituta  for  stioMng-plaster,  or  oourt-plaster,  under  the  names  of  col- 
lodion and  Hgiiid  culkii. 

JTyloidiiie  is  an  eiplosive  pompoand  similar  to  pyrosjline,  produced  by 
the  action  of  sti-ong  nitric  acid  upon  starch, 

QuBSiiOKS. — 569.  Describe  the  process  of  preparing  gun-ootton.  Giv(! 
Its  properties.  What  is  the  moat  probable  opinion  oonoerning  the  com- 
position of  pyroxjlino,  or  gun-cotton!  In  what  is  it  Soluble  ?  What  is 
x.yloidiuc  ? 
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570.  When  iignine  is  Kept  perfi-ttly  lij,  or  oonatantly  im- 
mersed in  water,  it  may  be  pr(.&erved  for  ooy  length  of  time, 
but  esposed,  to  air  and  moisture,  it  undeigoes  a  slow  decay,  eilled 
ere.inacausis  (from  etema,  alow,  and  iansH,  combustion),  by  the 
absorption  of  oxygen,  and  the  evolution  of  water,  oi  its  elements, 
and  earbonic  aoid. 

The  ehemioal  cbangea  whiab  m  this  case  ooeur  are  very  neiily 
ihe  SLtae  as  in  combustion,  except  that  they  take  place  more  slowly 
lu  both  cases,  the  constituents  of  the  wood,  with  the  addition  of 
oxygen  from  the  air,  are  converted  into  carbonic  acid  and  water; 
in  both  cases,  also,  the  hydrogen  is  osydized  more  rapidly  than 
the  carbon,  as  is  shown  by  the  black  color  during  combustion, 
and  the  dark  brown  during  the  slow  decay  of  vegetable  matter. 
1'he  flame  which  appears  during  the  combustion  of  wood  and 
other  vegetable  substances,  is  occasioned  by  the  buvning  of  the 
gaseous  hydro-carbons,  evolved  as  the  first  effcels  of  the  application 
of  heat. 

571.  Humns,  Ctelne. — Bvei^'erHle  soil  oontnins  more  or  J«aa  oi'ganio 
matter  in  a  state  of  clBCaj,  to  wMcli  its  fertility  is,  in  a  great  mensnre, 
owing,  and  wliioli  has  reeeiyod  various  names,  as  Imiitas,  ffdne,  tilmme, 
vcpslable  mould,  hvmic,  gsk,  nntl  almic  fluids,  &o.  This  decaying  matter, 
wlilct  wo  will  call  vfgeiaile  mould,  is  ever  olmnging,  na  the  oarbon  and 
lijdrogen  are  oxjiiiaod  and  separated;  and  from  this  and  the  oarbonio 
acid,  water,  and  ammonia,  foi-med  from  them,  in  the  soil,  tlie  plants  dei-iTO 
their  oliief  nourishment,  by  means  of  their  roots,  ■whioh  are  ostendel  in 
every  direction. 

673.  Peat. — Peat  consists  of  partially  decayed  vegetable  matter,  wHoh 
is  found  in  beds,  in  moist  places,  in  every  country,  and  ia  usually  misetl 
with  more  or  less  matter  of  mineral  ori^n.  If  ia  formed  from  vegetable 
matter  when  slowly  decaying  under  water,  aaid  of  course  ftee  from  the 
influence  of  tUo  oxygen  of  the  air.  Water  is  decomposed,  yielding  its 
osygen  to  one  portion  of  carbon,  to  produce  carbonic  acid,  while  another 
portion  of  carbon  unites  witli  the  hydrogen,  forming  light  carbit|.attod 
liyilrageD  (807),  which  often  issues  tcova  the  soE  in  large  quantities,  as 
tlie  fire-damp  of  coal  mines ;  but  moat  of  the  carbon  remains  behind  aa 
peat.    Keoently  formef!  peat  is  also  usually  found  interlaeed  with  tlie 

QuBSTiONs.— 570.  May  wood  be  presei-vel  if  kept  perfectly  dry ! 
Whrit  is  the  effect  when  exposed  to  air  and  moisture?  What  is  said 
of  tlio  chemical  changes  which  take  place  in  eremacau.'sis  t  571.  What 
is  coutaJnact  in  every  fertile  soil!     57^.  Dssoribe  the  formation  of  peat. 
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iiljioiis  roota  of  growing  plants,  ovnd  retains,  mora  or  less  iliatinetly,  tha 
foriiiH  of  iiiBny  of  the  piftnta  of  which  it  has  been  oomposeii ;  but  old  peat 
ia  more  homogeneoiia,  aad  may  be  out  into  the  form  of  bi-ioka,  like  moiet 
eliij.  Xn  mtiny  oounkies  it  is  nsed  eiton^¥e!y  for  fuel,  being  first 
Iboroaghly  dried. 

53  C    I— A      ff       ta       pti       ftldff      ttdfm        I 

1  his    !      d    (i'iS)  b        g  I    m  1  i      t      f  tl      m         1 

f      dm  niaii  tnea      h    h  h  1    bt  b        f   med  f    m 

g  f  bl   m  tto       t        mp      li    Jyealyp       dmtl     w    U    ht    y 

Tb  y  TL     lly      t       y  d   t        b        th  th      urf  d 

d  b  tw  ky   tra       f  gi     t  t      0  lly  th         tr  ta 


f 

Tltllh  t        fm         !        Ih        b        pddfmil 

fplt-wbh         frm       p        dgwp       dfl        sJlp 
1         pl  w  J  lly  b  !        i  by  m       f  Th 

etidenca  is  fooncl  in  the  pasition  of  iho  coal,  Tihich  alnnys  ocoara  in  Uia 
form  of  beda  interstrntifiEd  abore  and  below  with  solid  rook  formed  at 
the  same  time  with  itself; — in  the  Tegetdbla  impressiona  which  abound 
in  tUe  rocky  atrnU  of  OTery  ooij  formation;  —  and  in  the  orgnnizad 
struoture  often  oxhibiied  by  the  aoni  itaelf. 

We  may  suppose  that,  by  the  decay  of  tlie  regetoble  matter,  peat  was 
fii-st  prodnoed,  which  was  aubaequeuily  ooOTertod  into  proper  oool,  in  a 
manner  not  fully  vmderBtood. 

Mines  of  ooal  are  limited  to  the  temperate  lone,  none  of  it  being  found 
in  Tery  warm  or  very  cold  climates. 

6T4.  Patrolenm, — Petroleum,  or  rock-oil,  ia  an  odoriforons,  oily  liquid, 
wliioh,  in  many  oonntriea,  exudes  from  Wie  TOoks  and  ground,  being 
formed,  in  all  prababihty,  from  vegetable  matlef  at  tlie  Saras  time  witb 
peat  and  coal.  It  is  often  f  und  p  L  surface  of  lakes  and  spiiugs, 
as  at  Saneea  Lake  in  New  T  k,  wii  t  oaJled  3Bniea  oil.  By  distil- 
lation, petrolanm  yields  a  11  wiah  liq  d  lighter  than  water,  called 
nayhtha,  or  oU  of  naphtha;  whi  h  is  p  b  bl  a  miitm-a  of  several  com- 
pounds that  have  not  yet  b  p  ted.  It  is  the  liquid  used  to  pre- 
neiTe  the  tllkaline  metals,  A  pl  U  m  neral  pilch,  is  a  eubstance 
closaly  aJlied  to  petroleum.  Wli  Id  t  lid,  but  beoomos  soft  as  it 
ia  heated,  and  melta  at  ab  t  12  Di  1  ad  in  oil  of  turpentine,  it 
forma  a  vamiab  wMob  is  uaed  for  oerfain  purposes. 

S76.  DiBtilktloii  of  Ooal  and  "Wood. — niaminatiiier  Ras. — Coal  and  wood 
are  subjected  to  distillation  by  heating  tkem  to  redness  in  large  cast-iron 
retorts,  prepared  for  the  purpose.  Usually  the  retorts  are  kept  at  a  red 
heat,  and  are  capable  of  being  opened  at  one  and,  so  that  tLe  charge 
may  bo  oliauged  when  necessary. 

QuESTiOHS. — What  use  is  made  of  peat!  573.  How  Jiave  the  deposits 
of  mineral  coal  been  formed ?  What  evidence  of  this  is  there!  67i.  De- 
scribe petroleum.  How  ia  naphtba  obtained  from  it!  What  iaaaphaltum, 
or  miueral  pitch !    575.  How  are  ooal  and  wood  distilled  t . 
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Coal  subjected  to  this  proeeaa  giraa  ofF  large  qnantities  of  gnsoous  oar- 
buretted  b-jdrogens  (309),  with  eavbonie  acid  and  eulpiiuretted  iiydrogen, 
Aud  a  resinous  Eubst&nce  not  unlike  tar,  called  coal-tar. 

This  last  substance  is  a  misture  of  eeTcral  compounds,  as  naphlAalaie, 
ph^ol,  salts  of  ammomo,  &c. 

A  gas,  not  nnliie  Uiat  prepared  by  (he  diatOJation  of  coal,  is  often 
found  to  issue,  ready  formotJ,  from  the  earUi,  and  may  be  collected  and 
iiBOd  like  that  formed  by  art.  The  tilloga  of  Predotiia,  in  the  Stflta  of 
Now  York,  is  lighted  by  natural  gae,  in  this  way ;  and  in  somo  salt-works 
in  Virginia,  it  is  said,  no  other  fuel  ia  used  for  boiling  the  brine. 

6T6.  Wood  by  distillation  yields  illuminating  gas  with  vnrter,  acetic  adil, 
creaaole,  pyroxyUc  spirit  [methjlic  alcohol),  tar,  Stc.  The  acetic  aoid,  as 
first  obtained,  is  mijed  with  creosote  and  other  substanoes,  anit  Is  called 
pyroligncBUi  acid. 

Cnosolt,  CojHijO,,  which  passes  over,  -with  other  products,  in  the  dis- 
tillation of  wood,  ia  a  colorless,  transparent  liquid,  cf  an  oily  conaistenee, 
nnd  retains  its  fluidity  at  — 17°.  It  has  a  speeiflo  gravity  of  1  -04 ;  boils 
at  BOT°,  and  is  a  non-oonduotor  of  electricity.  It  has  a  bnroing  fcieto, 
jiiiil  its  odor  is  like  Uiat  of  wood-smoke,  or  raiiier  of  smoked  meat.  It  is 
highly  ontiseptio  to  meat :  the  antiseptic  Tirtne  of  tor,  smoke,  and  crude 
jiyroligueous  acid,  seems  owing  to  tiie  presence  of  creosote.  Its  name 
{trora  kreas,  fiesh,  and  saiein,.  to  aave)  was  snggested  by  this  property. 

Creosote  requires  about  80  parts  of  water  for  solution,  but  is  soluble  in 
every  proportion  in  alcohol  and  ether.  It  Los  neither  an  acid  nor  alka- 
line roaotion  with  test-paper,  but  combines  bflth  with  adds  and  alkalies. 
It  is  used  botU  internally  and  externally  in  medical  practice. 

ffapklhaUne,  Cj^H,,  is  a  solid  sabatanee,  obtained  by  distillaHon  from 
cool-tav.  It  ia  a  wEite,  orystoline  solid,  which  melts  at  175°,  and  boils 
at  about  422°.  It  bas  a  speoifio  gravity  of  105,  and  is  insoluhle  in 
nat-er,  but  diesolyes  in  aloobol  and  ether. 

By  the  actio      fhl  andlni  dalbth       b        f       1 

as  the  sulphur         dtnpthlt  ttrnm 

Paraffine  iamt  f        \        ptlmbt        g       rally  p  d 

by  the  distillati        f  w    d  t         I    la     whit     w    lik       li  1         j     ifi 
gravity  0'87,  whi  h  m  lla    t    bo  t  110       It  m      b     h  1 11  d  w  U 
alteration.     It  dt        m(jDn(^)fmth  mlan 

that  it  manifest   1  ttl     ffm  y  f        h         h  tai 

Mupione,  C,H  fgrat      llsslqd      bta      dhythditl 

I.ition  of  wood      Up  tpttj         Obo  dlsblgpt 

about  340°. 

Phenol  la   obtain  dfm         Itbdtllti  It  p 

CiaHjOs,  in  wli   1         w  11  m    y    f    t      h  mi    1      1  t  t 

QuBSTiOKS.— Wh  t  f  rm  dwh  all  d  tH  dT  576  Wh  t  m 
pounds  aremtid        bgl  Ibythdtillli        fwH 

Describe  creosote.     What  is  the  derivation  of  the  name,  creosote?     De- 
scribe naphthaline.     Farafflno.     Eupione.     What  ia  said  of  phenol  ? 
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seinbles  tlio  nkohols  (547),  and  has  tharafoi'e  been  cMsii  pheiiylie  ilcahol 
By  the  action  of  reoif^ente,  anuy  camponnds  ure  formed  from  it,  onalo- 
guus  to  those  obtained  from  tlio  alcohols. 


7?  T 
J      btan 


ud  u  mmnfJLlsh  no- 

dpp  b  nd  dwhi  no 

I,     n       Tb     t  D         f    m         C    H        0    (  46)    m  y 

The  thi'ee  most  important  of  the  alcohols  are,  common,  or  tuine  alcohol, 
melhylk  alcohol,  and  amyUa  alcohol,  nhioli,  with  theiv  derivatives,  will  bs 
here  described  ]  tlie  others  wi]l  be  attended  to  in  their  proper  places. 

WINE    ALCOHOL,    C^IIbOj. 

S78.  Comraou,  or  wiae  alcohol,  lit  alwajs  prodacod  by  tlie  fer- 
iiionfation  of  sugar  or  starch,  or  compounds  contaioing  one  or  tha 
other  of  these  substances. 


579,  rermentation, — Bj  tho  fermentation  of  a 
mean  a  change  or  modification  which  takes  place  in  its  constitu- 
tion under  the  influence  of  another  substance,  called  a  ferment, 
which  acta  simply  by  its  presence. 

Several  different  fermentations  have  received  separate  names, 
as  the  vinous  or  ahokoUo  fermentation,  by  which  alcohol  ia  pro- 
duced from  starch  or  sugar;  the  viscous  fermentation,  by  which 
sugar  is  converted  into  a  viscous,  or  mucilaginous  substance;  the 
acetic  fermentation,  by  which  diluted  alcohol  and  other  substances 
ore  changed  to  aoetio  acid,  &o. 

The  most  important  ferment  used  for  induoiug  the  Tinous  fermentation 
ia  yeasl,  or  leaven;  but  blood,  albumen,  oaseine,  and  the  juices  of  many 

QuBsitiiNs. — 577.  Give  the  general  formula  for  tlie  aloohola.  Name  tha 
tlirue  most  important  alcohols.  578,  How  is  common,  or  wiae  alcobo!, 
always  produced!  579.  What  is  meant  by  fermentation?  What  dif- 
forunt  fermentations  ai'o  raaationed  ?  What  feriaeul  is  genoraliy  used  ta 
produce  the  viiioua  fermentation ! 
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Ihiits,  OS  eurra.ni'i,  apples,  grapoa,  &c.,  are  capable,  aftBi"  being  oxpeseil 
for  a  Ume  to  the  air,  of  produoing  the  snme  effect. 

Yeast  IB  11  substanee  which,  collects  as  a  froth  upon  the  enrfaoa  of  beer, 
tind  other  liquids,  in  the  prooesa  of  fermeatalian.  It  always  contains  ^ 
portion,  of  nitrogen,  wMoh  seems  esaentiol  to  it,  bnt  the  mode  of  its 
aation  has  not  been  determined 

Active  yeast  is  belieyed  by  ji  any  to 
contain  a  Idnd  of  micToscopic  veg  table 
wliioli  is  deyeloped  spontaneoiM  j  n  the 
organs  of  plants,  luid  in  many  nitr  gen  zed 
flubatances  when  left  Co  pnh'cfy  It  can 
be  obserred  only  by  use  of  tlio  m  crosoope 
See  flgnre  in  the  mar^n. 

I'd  ti  '  loua  fermentat  on  a 
qut  t  ty  f  g  IS  disaohed,  oran  eiunl 
q  t  ty  f  ta  h  diffused,  iu  4  o  6  tim  9 
t  w  ght  f  IT  t  a  small  qnant  ty  of 
y  t  tir  d  n,  ad  the  miituie  plained  ii 
nn  f  m  t  mperature  of  70°  to  86" 
will  h    f      d       b  isle  effarres- 


b  d    Wh  n  the  action 

has  ceased  tho  hquid  again  be- 
oomcs  clear,  and  is  fonnd  to 
eontain,  not  sngar,  but  alcohol, 
which  may  be  separated  by  dis- 
tillation, and  by  other  modes.  aicoeohq  lermcntauon. 

In  this  wny  it  is  found  Uiat  alcobol  and  carbonio  acid  alone  are  pro- 
duced by  the  Tinous  fermentation,  in  the  proportion  of  2  equivalents 
of  tlie  forms!'  to  4  equiTalents  of  tlie  latter.  It  would  not  aeein  diificult, 
therefore,  to  understaad  the  nature  of  the  change  that  takes  place  when 
ffuit-augar  (560)  is  uised,  for  this  sugar  eonttuns  precisely  the  eleiiionl^ 
of  these  compounds  in  this  proportion.     Thus, 

Bnt  when  scarce,  CaHipOu,  cane-sugar,  C,,H]|0,|,  or  grnpc-sugar, 
Ci^HijO,,.  is  fermenUd,  the  case  ia  a  little  different,  and  th.e  first  ejepl 
o{  the  ferment  is  to  aonvert  them  into  fruit-sug^r,  by  an  obTions  change. 

580.  Preparation  and  Properties.— Alcohol  obtained  by  dis- 
tiilatioD  alwajs  coataioa  a  portion  of  water,  even  after  sevorol 

QoBSi'iONs. — What  is  yeast!  What  ia  representeci  by  tlie  figure? 
What  are  the  products  of  the  vinons.  fermentation  f  How  many  equiva- 
lents of  alcohol  and  oarboiiic  acid  are  produced  fl-om  an  atom  of  t\'u1t- 
sugav  ?    S80.  May  pare  alcohol  be  obtained  hy  distillation ! 
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successive  distillatiDna  "When  moat  highly  rectified  in  (lii^ 
mode,  it  contains  about  90  per  cent  of  pure  alcolul,  the  rest 
being  water  The  alcohol,  or  spuds  uj  wiw,  of  commerce  i3 
seldom  as  pure  as  this  To  ohtain  absolute  alcoliol,  tr  alcohol  iQ 
a  state  of  purity,  common  alcohol  is  carefully  diatilled,  by  the 
heat  of  a  water  bith,  from  pearlash  or  chloride  cf  calcium,  pie 
TJousIydned  and  miscd  with  it  The  water  cimbiiies  with  the 
salt  and  remains  behind,  whJe  the  pure  alcohol  distils  over 

Aloohnl  ■'uftioiently  puie  for  almoit  nnj  pm 
pose  may  be  obtamed  witliout  distillntion  by 
niLanh  of  well  dried  peailash  Eoi  this  purpose 
tike  common  alcohol,  or  even  proof-epirit,  or 
wliiakey,  and  pour  into  it  half  ita  weight  or  mora 
of  pearlash,  which  has  proriously  been  thoroughly 
dried  by  heat.  The  whole  is  then  to  be  shaken 
together  a  few  minutes,  and  allowed  to  stand 
several  hoars ;  there  will  then  appear  in  the 
Teasel  two  liquids  entirely  separate,  one  above 
the  other,  as  shown  in  the  figure.  The  upper 
portion  ia  to  he  carefully  drawn  off  and  subjected 
to  a  second  operataon  of  the  same  kind,  'by  means 
of  a  fresh  portion  of  dried  pearlash ;  and  thia  , 
•i  iui        1  !■  ar  nau  in        operation  is  to  be  oonlmueii  as  long  as  the  intro- 

1  toof  =pirit  duelion  of  the  pearlaah  produoes  any  effect. 

Poarlash  is  soluble  in  water,  but  quite  insoluble  in  alcohol;  when, 
therefore,  a  portion  of  it,  perfectly  dry,  is  introdnced  into  alcohol  con- 
taining water,  the  latter  disaolvoa  it,  and  the  dense  solution  settles  to  the 
bottom,  while  the  alcohol  remains  above.  After  seTeral  repeated  opera- 
tions, all  the  water,  or  nearly  all,  ia  thus  separated. 

681.  Pure  alcohol  ia  a  eolorleas  liquid,  of  a  pungent  taste  and 
odor;  and  at  60"  has  a  density  of  0'795.  It  boils  at  173°;  nnd 
ita  vapor  ia  highly  inflammable,  and  barns  with  a  pale  yellowish 
flame,  without  smoke.  It  has  never  been  frozen  by  any  cold  yet 
produced;  but  at  a  temperature  of  — 146°,  becomes  thiolc  and 
tenacious,  like  melted  was.  It  is  a  powerful  solyent  for  many 
substances  totally  insoluble  in  water,  especially  many  of  the 
resins.  Hydrate  of  potassa  (and  also  of  the  other  alkalies)  dis- 
solves readily  in  alcohol,  forming  a  solution  often  used  in  the 
laboratory. 

When  potassium  (or  sodium)  is  Immersedin  absolute  alcohiil, 

QuBSTioNB. — TTow  may  pure  or  absolute  alcohol  be  proourod?  Bo- 
scribe  the  mode  by  the  use  of  pearlash.  581.  Describe  tho  properties 
of  alcoho'. 
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hydrogen  is  given  off,  and  a  crjstaline  compound  formed  having 
tho  Bame  compoaition  as  alcohol,  esoept  that  1  atom  of  hydrogBQ 
ja  replaced  by  1  atom  of  potassium.     Thus. 

C,HA  +  K  =  CJiiKO,;. 

By  contact  with  water,  this  compound  is  converted  into  alcohol 
and  hydrate  of  potassa. 

Vapor  of  !iloohol  has  a  deneity,  aa  determined  by  esperiment,  of  I'613: 
but,  08  calculated  fi-on?tb.e  densities  of  its  oonstituents,  it  is  1-596 
Thus, 

4  vols,  carbon  vapor  weigli  (-836  x  4)  3'344 
12     "     hydrogen  "       (-069    Xl2)     -828 

2     "     oxygen  "    (1-106  x  2)  2-212 

i  vols,  alcohol  vapor  weigh  6-881 

One  vol  alcohol  vapor  therefore  weighs  1-596. 

Alcohol  Bijsta  in  every  Mnd  of  spirit^oua  liquors,  and  may  lie  aeparatetl 
from  them  by  distillation.  The  different  Itinds  of  brandy,  rum,  gin,  nnd 
whiskeg,  nsually  contain  ft-om  45  to  56  per  cent,  of  pure  alcohol;  the 
stronger  -wines  from  18  to  "" 
12  or  15  per  cent.  In  c 
4  to  10  per  cent 

Aleoho!  is  extensively  used  in  the  arts  and 
JQ  modioine,  cMefly  in  consequence  of  its 
powerful  solvent  qualities  Talien  inlemallv 
it  operates,  as  is  well  known  as  a  powerf  il 
stimulant;  and  varioia  alarm  ng  d  seases 
often  terminating  in  extteme  mo  a1  deg 
dation  and  death,  attond  ts  hab  tual  use 

Used  in  lamps  instead  of  oil   great  hea 
produced,  and  the  comhuslion   s  una  ten  1   1 
with  smoke,  for  wliioh  reason  t  s  uiuoh  em 
ployed  in  the  Inboratory      A  cover  a  tit  n„ 
accnrntely  upon  b,  prevents  evapo  a  ou  when 


68S.  Bread-making, — The  ord  nary  m  de  of  ra  s  ng  bread  _ 
of  yeast,  also  ftufniehea  an  nstanoe  of  the  vmu  i..  ferme  t  t  on  The 
yeast  contMued  in  the  flour  paste  or  dough  caises  the  teriQen  nil  n  to 
commence,  as  already  eip  a  ned  and  botb  alcohol  and  en  o  o  ao  d  are 
formed  in  the  dough ;  and  the  latter  h  ng  retame  i  n  the  tuioc  o  ma  s 
causes  it  to  swell  up,  o  r  m  Th  s  efteot  is  fu  the  ciea  e  I  bj  ho 
espanaion  of  the  gas  by  the  heat  in  the  process  of  baking,  giving  tlio 


— What  is  tho  offoot  when  potassium  is  iinmeraad  in  alco- 
hol? In  what  is  alcohol  always  contained  i  582.  What  ia  said  of  bread- 
making  ? 
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bread  its  light,  porous  charncter.     Tlie  small  qimatjtj  of  alooliol  formed 
IB  dissipated  by  tlia  heat  of  tlie  oven. 

Bread  is  also  raised,  as  is  well  known,  by  the  use  of  bieai'bonate  of  aoda. 
or  potasli,  and  an  aoid,  as  the  ijdroclilorio  or  tartaric  acid,  or  iiie  aeid 
tartrate  of  potash  (cream  of  tartar).  The  risinff  is  in  this  oasa  produced 
by  oarbooio  aoid  liberated  in  the  (lough  from  tiie  nJlialine  carbonate ;  anii 
lie  same  light,  spongy  character  given  to  the  bread. 


Products  of  the  Oxidation  of  Wine  Alcohol. 

683,  Aldehyde,  C^H^Oj  —  Aldehyde  '(from  akcJi^l  d  Jtydi ) 
gmiaiu  ),  as  will  be  seen  by  an  inspection  of  its  formula,  is 
dehjdrogenated  alcohol,  —  alcohol  fiom  which  two  itoma  of 
hydrogen  hive  been  separated  Tbe  eepaiation  of  the  hydrogen 
is  efieotod  bj  distilhog  alcohol  with  highly  oxidized  ?ut^tancci, 
whiob  readily  give  up  a  portion  ot  then  osygea  %i  foim  water 
with  the  ehminated  hjdios;en 

The  best  method  fur  preparing  it,  is  to  mis  in  a  ri-toit  ccjinl 
parts  of  powdered  bichromate  of  potash  and  strong  ahohJ,  an  1 
then  add,  in  su(,oesaive  portions,  li  parts  of  sulphuric  aei  I 
Energetic  actiou  coramenoea  jt  once,  mui.h  cirbonio  acid  is  giv  n 
off,  and  aldehyde,  mixed  with  a  -mil!  quantity  of  acetii,  acid  and 
other  Eubstanoea,  di«til«  o\et  into  the  receiver,  which  is  kept 
surrounded  with  ice  To  the  liijuii  thus  obtdined,  some  ether  is 
added,  and  it  is  then  saturated  with  ammonia,  which  fotms  with 
adhd  pd  j/t^mmNH       H,0, 


ph       ph    p 
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II  littlo  ammonia,  the  addition  of  some  water  mixed  with  aide- 


he  silver  upon  tho 
metallic  lustre,  like 


Ii  an  alkali ;  and  if 

li  ia  liquid  and  the 
forma  aldehi/dic  or 


hjde,  causes  an  imn  p 

surface  of  the  glass,  wh    h     ta 
the  coating  of  a  look  n    g 

Aldeiijde  is  instant]    d      mp 
kept  only  a  short  time  g 

ooiiiponnds  isomerio  wi      ts  If 
ai'e,  elaldehffde  and  meta 
latter  solid.     By  oombmmg  m  li 
(HTcWm  ooid,  CiH^Oa. 

384^  Acetie  Acid,  C,H,Oi  =C,HA,HO.— Acetic  acid  is  well 
known  as  the  acid  contained  in  vinegar  ffrom  the  French  mn, 
wine,  and  aigre,  sour),  which  is,  in  fact,  a  very  dilute  acetic  acid, 
containing  also  much  saooharine  and  mucilaginous  matter.  Acetio 
Qcid  is  one  of  the  most  important  of  the  organic  acids,  and  is 
found,  in  combination  with  hases,  in  manj  plauta. 

This  acid  is  formed  artificially  by  a  variety  of  processes,  but 
the  usual  method  of  preparing  it  is  to  subject  liquids  containing 
iiloohol,  as  the  weaker  wines,  cider,  &c.,  to  the  action  of  some 
ferment,  while  exposed  to  tho  atmosphere.  The  process  has 
sometimes  been  called  the  acetic  fermentation  ;  and  the  chemical 
changes  which  take  place  in  it  consist  in  the  separation  from  the 
alcohol  of  2  atoms  of  hydrogen  by  the  oxygen  of  the  air,  forming 
aldehyde  and  water,  and  the  subsequent  absorption  of  2  additional 
atoms  of  oxygon  by  tho  aldehyde.     Thus, 

CHjO,  +  20  =  C4H,0,  +  2H0,  and 

O^H.O,  +  "0  =  C  H  0 

The  louess  of  atmnaphene  ai    i      h    1  t  ly 
sentvnl  to  tlie  toimation  of  vinpga   by  Ui        1    ary 
piooDSS,  as  IS  wbII  known,  and    t^  p  od 
much  iiioilitated  bj  a  method  ini        d      &   m    y 
A  cash  aa  shonn  m  the  hgure,      611  d  with  w    d 
shaTmgs,  tad  oloiad  at  tip  hy  a  jan  4  th    1-  tt  m 
of   which   18  perforated  with   my         11  h  1 
through  which  small  threads  ai    pas  ed  to       d    t 
the  liquid  downwarcL     The  eh  ti  gs    b     g  first 
well  soaked  in  vmegar,  are  pla  ed  hghtly  in  th 
cibk     and  below  them  are  Bovei  1    m  11  h  1 
about  half  an  inch  in  diameter,  t      dm  t  th    f 


lly?    D        b      h    0 
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BccesBioa  of  air  If  now  proof  ap'rit  iilutcd  irith  four  times  i(s  weight 
of  watei  nnd  haTmg  m  i.ed  with  it  a.  yerj  little  honej  (r  vaiat  is  poured 
into  tlie  pan  abore  it  giiluallT  trieHes  down  upon  the  shaTings  wheie 
n  liige  surfooe  being  esposed  to  the  atmospheie  rnp  d  absorption  of 
ot:j  gen  takes  place  the  temperatm  e  i"  raise  1  anlacetio  aoii  ii  foi-med 
Ab  tbe  liquil  passes  down  it  is  collected  in  the  vesael  a  and  when 
pa'oed  ttrongh  three  or  four  times  whioii  requires  but  about  36  hours, 
it  19  oonyerted  into  Tinegar 

Acetic  aeid  cannot  he  separated  from  wntei  by  mere  distillutun  but 
the  puie  acid  is  obtained  by  diatillmg  some  auetate  is  acetate  (f  s)da 
or  lime  La  with  a  propei  quantity  of  snlphuno  aoid  and  oollootmg  the 
piodaet  in  a  cold  receiver 

Wood  vinegar  or  pyrohgiteoas  actd  la  obtamel  by  distillirtg  wood  lu 
close  lesaels  It  is  a  very  unpme  aoetio  acid  having  a  disagreeable 
Buioty  odor  anl  oontmning  emp-freumatio  oils  and  other  substances 
dmiTBd  fiom  the  -wooi!  It  is  much  nsed  in  caUoo-printing  and  oftjm 
the  cloth'  not  having  been  jropeily  cleansed,  posses?  its  disgusting 
olor 

586  Pure  acefio  acid,  at  63°,  is  a  colorless  liquid  of  a  pungent, 
rcfiesbing  odor,  and  esressively  sour  to  the  tiste  \pplied  to 
tlie  skiu  foi  a  time,  it  produces  blisters  It  boils  at  2-iS°,  and 
cooled  below  bS",  it  may  be  obtained  in  ciytals  At  63°,  the 
density  of  the  liquid  is  1  06  It  mixes  reidily  witb  water,  etfier, 
01  ilcobol 


Acetal, 


1,  r,JI,A— Tins  compound  i=  a  cl^ni,  coloilegs 
liqu  1  whick  boiJa  at  abcut  lb7°,  ind  bas 
a  deoMty  ff  0  HU  It  is  foi  iied  by  tbe 
si  w  action  of  moistened  plaimum  black 
u]  jn  a  misture  of  vipor  of  alcohol  and 
oxygen,  in  a  laigo  bell  ghfas  The  bdl 
&la-3  I?  to  be  cjon  ib  top,  ind  elevated 
a  little  hom  the  bottom  of  the  basin  in 
which  it  13  placed,  is  represented  in  the 
figure,  so  as  to  allow  a  giadml  circiihtioa 
of  the  air  through  it  A  WJtch  glass.  A, 
IS  placed  in  the  oentre  of  the  bTsin,  c  ntain 
ing  a  little  platinum  black,  and  a  small 
funnel,  with  a  long  neck,  E,  contains  stiong 
diops  very  slowly  into  the  watch  ^lass      By  the 
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catalytic  action  of  the  platinum,  tlio  alcohol  is  dacomposud,  and 
acetal,  aldeli^de,  and  acetic  acid,  arc  formed,  and,  oondenaiug 
together  upon  the  sides  of  the  bell-glass,  are  collected  in  the 
basin.  This  liquid  is  cow  to  be  neutralized  with  powdered 
clialk,  and  oarefully  distilled  from  chloride  of  calcium. 

Suits  of  Acetic  Acid,  and  Oilier  AUieil  Compounds. 

587.  Acetic  acid  combines  with  most  baaea,  forming  ealta 
called  acetates.  In  combination,  its  composition  is  CHjOij 
from  which  it  appears  that  in  the  process  of  combining,  one 
tttoifl  of  water — or  the  elements  of  water — is  given  up.  Or,  we 
may  consider  (with  some  chemists)  the  metal  of  the  base  as 
simply  replacing  1  equivalent  of  the  hydrogen  of  the  acid  (353). 
Thus,  when  acetic  acid  combines  witii  soda,  the  acetate  of  soda 
formed  has  for  its  composition,  NaO,  CtHjOj;  and  we  may  indi- 
cate the  supposed  relationship  of  the  sodium  as  replacing  1  equiva- 
lent of  the  hydrogen  of  the  acid  by  writing  its  formula  thus, 
0,rr,(Na)Oj. 

Aoetio  add  is  monobosio ;  tlint  is,  tlie  salts  it  fomis  contain  a  single 
equiynlent  of  the  aoid  with  one  equiyaleut  of  base.  These  Balls  are  also 
said  to  be  toonobaaio  (170,  349). 

We  shall  desoriba  only  a  few  of  the  more  important  acetates. 

588.  Acetate  of  Lead,  PbO,C.HA  +  3H0.  — This  is  the 

eiii/crr  of  lead  of  commerce.  It  is  formed  by  dissolving  oxide 
of  lead  (litharge)  in  acetic  acii  It  is  veiy  soluble  in  pure  witei, 
and  hag  a  sweet,  astrmgent  taste  Taken  internally  it  is  poi 
Bonoua;  but  ia  used  m  yatious  preparations  in  medicii  e  The 
3H0  ia  water  of  crystal  nation 

If  we  consider  the  metal  a?  replacing  an  equivalent  of  the 
hydrogen  of  the  acid,  its  foimula  may  be  written  04ll3(Pb)0, 

ISesiiles  the  obove  neutral  acetate  of  lead,  there  are  several  other 
acetates  of  the  same  base,  which  are  formed  by  the  cooibination  of  tliia 
coroponnd  with  additional  equivalents  of  oside  of  load,  as  2PbO,8C4Hj05, 
and  3PbO,C,H,0^.  The  latter  of  these,  sometimes  oailed  tribasic  acetate 
of  lead,  is  used  in  medicine,  and  in  the  proximate  analysis  cf  organic 

QcBSTiOHs. — 687.  Wbat  are  (he  salts  of  aceUo  acid  called?  What  is 
Eiud  of  aoetic  acici  as  it  combines  with  bases!  Is  this  acid  monoha^c? 
Wh;it  is  meant  by  this?     588.  Describe  acetate  of  lead.     What  ie  it 
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oompoimilfl.     It  is  formad  by  digesting  7  piirts  of  Ethcu-gi  ut     i     parts 

of  the  neutral  acetaite  in  30  piirts  of  water,  and  evaporating  iLe  [jlutian 

na  cooling.     Tlie  solution  is  oallect  in  pharmacy 

la        ex 

589  A      a       f  C  pper,  CuO,C,FaOa,— Acetat«  of  copper  is 

d  'rdigns  in  tot  acetic  acid.     On  cooling, 

fi  een  crystals,  jfiich  contain  one  atom  of 

w  dram      called  disliked  verdigris.     This  salt  i 

b  £t  w  h  additional  equivalents  of  oxide  of  copper, 

m    ^      b    ce  d  the  .-erdigTia  of  commerce,  used  as  a 

p  b  istiiTJ  of  these.     It  is  prepared  in  large 

q  h  of  Branee,  by  covering  copper  with  the 

g    p         te      .e  juice  has  been  extracted  for  making 

b  h  matter  contained  in  the  husks  furnishes 

d  b         m  on,  and  ia  four  or  eix  weeks  tho  plates 

CO  h    acetate.     A  purer  and  better  article  is 

d  b  pper  plates  with  cloths  soaked  in  pyro- 


690.  Aoe)  ,«  of  Alpm'na,  Abi08,3(C.,H30j)).— This  salt  \b  prepaved  hy 
tiBeomposing  EoJution  of  si^nJ  of  lead  by  alum.  It  is  used  in  djeiug, 
and  calico -printing. 

691.  Acetate  of  Iron. — By  treating  iron-filings  with  dilute  acetic  acid, 
a  mixture  of  the  acetataa  of  tha  proto  and  sesqniosidos  of  iron  ia  obtained, 
ivliioh.  ia  oonHdevably  ased  in  the  arts. 

693.  AMiaie  of  Ammonia,  NH5,C,H30s,nO  =  C,Hj(NH,)Oj,  is  veadily 
formod  by  neutralising  acetic  acid  witli  ammonia,  or  its  caibouata.  It 
has  been  used  in  medicine  under  tbe  name  ot  spirit  of  Mindererus. 

593.  Chloracetic  Acid,  0,H0,Cl3^C,C]  A,HO,  or  C,H(Ol3)0,. 
—This  acid  is  formed  from  acetic  acid,  by  the  abstraction  of  3  atoms 
of  its  hydrogen,  and  the  substitution  of  3  atoms  of  chlorine.  It  is 
piepai'ed  by  placing  some  crystals  of  acetic  acid  under  a  large  bell- 
glass  filled  with  chlorine,  and  exposing  it  to  the  direct  rays  of  the 
BUti.  Other  compounds  are  formed  at  the  same  time,  which  are  to 
be  separated  from  it,  and  ttien  it  is  obtained  in  colorless  rhomboidal 
crystals. 

QuKSTioiis.— 589.  How  is  noetate  of  copper  formed?  M'liat  is  the 
Tevdigi'is  of  oommeroe  ?  -How  is  Terdigris  prepared  ?  690.  What  olh^r 
acetates  are  mentionod?    698.  How  is  ehloraeetio  acid  formed ! 
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Noglecting  the  Boconclary  compoucda  formed,  tlio  reactions  will 
be  vepreaented  as  follows,  via. : 

C,HA,HO  +  6Cl  =  C,ClA,nO  +  3IIC1. 

The  crystals,  when  heated,  malt  at  113°,  and  the  liqiiid  hoils  at 
about  392°.  It  closely  resembles  acetic  acid  in  its  properties, 
neutralizes  the  same  quantity  of  bases,  and  forms  salts  similar  to 
tlic  acetates. 

594.  Acetone,  CbHsOj. — Aootone,  or  p^oacetio  spirit,  is  a 
limpid  liquid,  obtained.by  passing  vapor  of  acetic  acid  through  a 
red-hot  tube,  or  by  distiJliug  a  mixture  of  dry  sugar  of  lead  and 
puwdered  quicklime,  and  condensing  the  product  in  a  cool  receiver. 
Jliioh  uncondeasable,  gaseous  matter  passes  over  at  the  samo  time, 
wiiich  is  allowed  to  escape.  It  has  a  density  of  0-792,  and  boils 
at  132°.  In  some  of  its  properties,  acetone  appears  to  be  closely 
iilliud  to  the  alcohols,  but  in  its  composition  it  is  isomeric  with 
the  aldehyde  of  pvopyllc  alcohol  (547). 

In  the  proparfttioQ  of  acetone,  another  allied  componud  often  makes 
its  nppearanoe,  called  melatetone,  or  pTOpionf,  CsffjO.  {We  ahonld  prefer 
W' asA  a  propylone.)  A  oorraspocdiiig  acid  is  !!no"wn,  called  the  melare- 
tonic,  propionic,  oipropylia  aoid,  C^Yf^O^. 

Action  of  Chloi-ine  upon  Alcohol. 


C.HjOa  +  2Cl  =  C^H,0j  +  2IIC1. 

Two  eqniTalanta  of  oblorine,  therefore,  hare  separated  2  cq.  of  the 
livdrogen  of  the  alcohol,  forming  2  eq.  of  hydroohlorio  acid,  the  residue 
oi  the  aloohol  conatituling  aldehyda. 

But  if  tlie  aotion  of  tlie  chlorine  vi  continued,  a,  new  compound  is 
formed,  called  chloral,  C4HCI3OJ.  It  may  be  regarded  as  aldehyde  in 
which  S  oq.  of  hydrogen  haTe  been  replaced  by  8  eq  of  chlorine.  TJie 
roiiotions  are  as  follows : 

C,H^02  +  6CI  =  CjHClgOa  +  3HC1. 
Or,  regarding  it  from  the  heginning  of  tlie  process, 

C^HjOj  +  8C1  =  C,HCij02  +  OnCL 

QjasTiONS. — 594,  Describe  the  mode  of  prepivring  acetone.  595.  What 
IS  the  fii-st  effect  when  dry  chlorine  ia  passed  through  pure  alcohol!  What 
is  formed  when  tho  process  is  oontiimed  f    How  may  chloral  be  regarded  I 


H.,t.db,  Google 


JMBTUYLIO    ALOOHOL,    OE    WOOD-SPIRIT,    CalljOj. 

596.  Preparation  and  Properties. — When  wood  is  subjected 
to  distillation  in  u  close  veasel,  besides  tbo  uDcoDdensable  gases 
whiok  pass  over,  there  is  obtained  an  aqueous  liquid,  composed 
of  pyroligneous  acid  (584),  and  other  compounds;  among  which, 
is  a  volatile,  inflammable  liquid,  long  known  as  wood-spirit,  or 
pt/roxylic  ipirit  (ivoiapw,  fire,  and  xulon,  wood).  But  from  ils 
reBemblance  to  alcohol,  in  composition  (547)  and  many  of  its 
properties,  il  is  more  properly  designated  as  ineiliyJio  alcohol, 
(from  methu,  wine,  and  xulon,  wood). 

To  separate  it  from  the  other  compounds,  the  crude  liquid  is 
first  neutralized  with  lime,  and  carefully  distilled,  only  the  part 
that  passes  over  first  being  preserved,  as  this  will  contain  nearly 
the  whole  of  the  wood-spirit.  To  obtain  it  pure,  it  must  be  several 
times  re-distilled  from  chloride  of  calcium  and  lime. 

Methjlio  alcohol  is  a  colorless  liquid,  with  an  odor  and  taste 
somewhat  resembling  those  of  common  alcohol.  It  has  a  density 
of  0-798,  and  boils  at  152°,  and  burns  freely  in  a  lamp. 

It  mises  readily  with  water,  alcohol,  and  ether,  and,  like  oom- 
inon  alcohol,  dissolves  freely  most  resinous  substances.  Somo  use 
hiis  been  made  of  it  in  the  treatment  of  diseases,  under  the  name 
of  wood-  naphtha. 

TliB  formula  of  this  oompound,  C3H,0a,  represents  4  vols,  of  its  Tipor, 
thi!  ilonsitj  of  wMoL,  by  ealoolation,  is  1-109,  as  follows : 

2  vols,  oarbon  vapor  weigh        ('836  x  2)        1-672 
8  vols,  hydrogen,  (-069  x  8)  -562 

2  vols,  osygen,  (l-ioe  x  2)        2-^12 


Products  of  the  Oxj/dallon  of  Methylic  Alcohol. 

597.  Eormie  Acid,  OaHjO,  =  C2H0a,H0.— This  acid  was  first 
obt;iined,  by  distillation,  from  the  bodies  of  red  ants  (formica 

(JuESTtoBij. — 596.  From  ivbat  ia  methylio  alooliol,  or  wood-spirit,  ob- 
trtined  ?  Describe  meUijIio  alcohol.  597.  From  what  was  foi-mio  add 
first  ibtainod  ? 
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MET  HYLIC    ALCOHOL.  429 

rii/a) ;  and  hcDoo  its  name.  Its  relation  to  metbyho  alcohol  is 
tho  same  oa  that  of  aoetio  acid  to  common  alooiiol.  It  may  bo 
obtained  by  exposing  tbe  vapor  of  wood-spirit,  miscd  with  air,  to 
tbe  action  of  platinum  black,  under  a  receiver,  water  and  formic 
acid  being  produced  at  the  same  time.  It  appears  that  two  atoms 
of  osygen  corabiae  with  2  atoms  of  the  hydrogen  of  tho  spirit, 
forming  2  atoms  of  water;  and  then  2  atoms  more  of  osygcn 
unite  with  the  reddue  to  form  tjie  acid.     Thus, 

CH^Oa  +  20  =  CIIA  +  2H0,  and 
CjHjOa  +  20  =  CJIjO,. 

Pormio  acid  may  lUo  be  piodui_ed  b^  disiilling  a  mixture  of 
aiigai',  bichromate  ot   potash,  and  oil  of  vitiiol,  and  by  other 

Formie  a&id  is  a  cleir  liquil,  of  apeufie  gravity  1  24,  has  a 
strong  acid  taste  and  pungent  odor,  and  quichl;  bhsteis  tbe  skin. 
It  boils  at  212°,  producing  an  inflam- 
mable VBpor,  md  solidifies  at  about 
S2°.  It  is  contained  m  small  quin- 
titias  in  many  plants,  as  the  nettle, 
and  produces  the  pain  occasioned  by 
handling  them  The  figure  repie 
sents  the  "  sting"  of  the  nettle,  greatly 
magnitied,  with  the  sacks  at  the  ba^e 
containing  the  acid 

When  this  acid  combines  with 
bases  like  acetic  and  it  gives  up 
the  elements  of  an  atom  of  water 
md  la  theiefjie  by  many  considered 
Bs  1  bjdrate,  ind  i(s  formula  written 
C^HOa  +  HO      Oi,  as  in  the  oas    of  "'""  '  "'"'"' 

acetic  acid  (''87),  we  may  ccnsider  the  mefal  of  the  base  as 
rf  placing  1  equivalent  of  the  bydiogen  of  the  acid  Thus  the 
f  irmiate  of  lead  PbU  CjHO  oa  this  supposition  will  ha\e  for 
Its  formula,  OaH(Pb}0,      It  is  monobisic   Ul  e  acctio  acid 

QUESTIONB. — What  is  aiud  of  the  relation  of  fovmie  .i«id  to  metlijlio 
ttlooliol?  May  it  be  prooured  from  sagar?  Desoribe  tbe  process.  De- 
scribe its  pivpertios.     Is  it  found  in  plants  ?    What  is  a&vl  of  tbe  nettle ! 
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698.  The  formiaUi,  in  their  genornl  properties,  i-eaefflble  tlio  cor- 
vcsponding  aootates.  Tlie  altaliae  formiates  are  used  in  the  analyses 
of  some  minerals. 

699.  Mothylal,  CbHbO^. — This  snhstanoe  ia  proourad  bj  distilliog  a 
inisture,  in  proper  proportion,  of  methylic  cleohol,  dilute  oil  of  vitriol, 
and  peroxide  of  manganeBe,  and  purifying  the  product.  It  is  a  coIoiIhbb 
liquid,  of  nn  agreoahle  aromatic  odor,  and  burns  witli  a  yellow  flame.  It 
Laa  a  density  of  0'85,  and  boils  at  108°. 

AMILIC    ATOOHir,    fjKOj 

600  Amjlio  alcohol  is  i  peculnr  oily  suUtanoe,  whi^h  if  col- 
j  ctG(3  111  tho  jroeess  of  disfilling  spiut  from  potatoes  It  is 
sijpjsel  to  be  foiraetl  fiom  the  stirch  {amylum')  of  the  potato, 
ji  J  heoce  its  name  It  is.  also  called  potato  oil,  nad  fate!  oil. 
It  IS  found  iQ  some  kinJs  of  brandy,  and  in  otlici  spirituoua 
liquoiB,  bung  prob-ibly  foimi-d  duriog  the  fermenting  process, 
111  uruimatances  not  well  understood 

In  distilling  apiiit  from  potatoes,  it  is  p'irtieuhily  abundant 
towards  the  close  of  the  piotess,  it  is  tbi,n  mixed  with  witer,  to 
nhich  it  gives  a  milky  appeaiance,  but  after  standiog  foi  a  time 
it  nses  to  the  surface. 

Amylio  alcohol  is  a  clear,  colorless  liquid,  insoluble  ia  water, 
but  very  soluble  in  alcohol  and  ether.  Its  density  is  0'82,  and 
it  boils  at  270°.  Its  taste  and  smell  are  burning  and  pungent. 
If  its  vapor,  mixed  with  air,  is  breathed  for  o  little  time,  asthraatio 
pains  and  coughing  are  likely  to  ensue,  and  even  vomiting. 

It  dissolves  phosphorua,  sulphur,  and  iodine,  without  change; 
and,  unlike  wine  alcohol,  is  congealed  by  a  temperature  of  — 4°. 

The  formula  of  amylio  aleoliol,  CinH^jOj,  answers  to  4  rola.  of  the  sub- 
stanoB  in  the  gaseous  state.  The  calculated  density  of  its  vapor  is  3-067. 
riius, 

10  vols,  carbon  vapor  weigh       (-836  x  10)        8-360 
a4     "    hydrogen  "  ('069   X  24)        1-656 

2     "     osygen  "         (1-106  X     3)        2-213 


Questions B98.   What  do  the  foi-miat«s  resemble  in  tlieir  geueral 

prajiertiea!  599.  Dw^cribe  metliylal.  600.  From  what  ia  amylio  aleoliol 
oljtained  ?  Describe  its  properties.  Wbon  its  vapor,  mixed  with  aii-,  ia 
breathed,  what  is  the  effect? 
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Product  of  did  O-j-Ajdalion  of  Amylic  Alcohol. 

601.  Valerianic  Acid,  CioH, A  =  CioHAjHO.— This  acid 
sustains  the  same  relation  to  amjlio  aloohoi  as  acetic  acid  sustains 
to  wine  alooiiol,  or  formic  acid  to  methjlic  alcohol.  It  is  con- 
tained in  the  valerian  root  (jiahriana  officinalis),  which  is 
extensively  nsed  in  medicine,  and  is  obtained  by  distilling  the 
root  with  water.  It  is  also  formed  artificially  by  dropping  warm 
potato  oil  upon  platinum  black  in  contact  with  atmospheric  air, 
or  by  distilling  a  mixture  of  amjlio  aiooboi,  sulphuric  acid,  and 
bichromate  of  potash. 

In  the  process  of  ite  formation  from  amylic  alcohol,  the  same 
chemical  changes  are  repaired  aa  in  the  formation  of  acetic  acid 
from  wine  aloohoi; — the  alcohol  loses  2  eq.  of  hydrogen,  which 
combine  with  oxygen,  forming  water,  and  thea  2  eq.  additional 
of  oxygen  are  absorbed.     Thus, 

c,oir,A  +  20  =  cjJiA  +  2no.  and 

0,„H,A+20  =  C,»H,A- 

Pare  valerianic  acid  ia  a  colorless,  oily  liquid,  of  specific  gravity 
0'937.  Its  taste  is  pungent  and  aeiJ,  and  its  odor  like  that  of 
valerian.  Its  boiling  point  is  347°.  It  is  little  soluble  in 
water,  but  dissolves  freely  in  aloohoi  and  ether.  It  combines 
with  bases,  forming  salts  in  many  respects  similar  to  the  acetates 
and  formates.  When  it  enters  into  combination,  it  gives  up  tlie 
elements  of  1  equivalent  of  water,  precisely  like  the  acetic  and 
formic  acids,  and  is  therefore  monobasic. 

Some  of  the  valerianates,  especially  valerianate  of  zinc,  are  used 
in  medical  practice,  as  a  substitute  for  the  preparation  of  the 
valerian  root. 


,  Questions. — 001.  Prom  what  is  valeriacio  acid  obtained  ?  How  rc\n\ 
it  be  formed  arlifioiaJly?  "Wbut  is  said  of  the  ohemiofil  cliajigoa  wliii^! 
tolce  place  in  its  formaiaon  t  Describe  its  properties.  What  Halt  of  tlii 
aoid  ia  itaecl  in  medical  practice  1     602.  How  is  amjiio  alcnlinl  olitained 
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432    ■  suLniuG  ai.oohols. 

Tbe  tliree  aleoliola  above  dosoriljed  are  the  most  important  of  tliis 
homologous  saiioB  (547),  bat  sin  others  are  knomi,  wliioh  will  be  here- 
after deeopi  bed.  These  all  have  the  formnla,  Ca»H2(H+ ijOa,  as  we  haya 
before  (545)  seen. 

Somo  other  eomponnds,  similar  in  tlieir  properties  to  Hie  aboTO,  but 
not  Btrioflj  homologous  with  them,  haTB  been  denominated  aleohola,  lis 
phenjlio  alcohol,  C^HgO^,  aad  aorylic  aloohol,  CgHjOj. 


SULl'IIUR    ALCOIIOlSj    OR    MERCAPTANS. 

603.  Tbese  compounds  are  formed  on  tbo  same  type  as  tlie 
alcohols,  but  differ  from  them  by  containing  sulphur  instead  of 
oxygen,  Xhej  are  called  mercaptans  (mercurium  captans),  be- 
cause of  their  great  affinity  for  mercury,  with  which  they  eagerly 
combine,  on  coining  in  contact  witli  its  oside. 

Wine-alcohol  Mercaptan,  C4F,S2=C4H,S,HS.  — This  com- 
pound  is  formed  by  saturating  a  solution  of  caustic  potash,  of 
density  1-3,  with  sulphuretted  hydrogen,  and  distilling  it  with  an 
equal  measure  of  sulphovinate  of  lime  fa  substance  to  bo  hei'e- 
after  described,)  of  the  same  density.  It  is  a  colorless  liquid, 
which  has  a  speoifio  gravity  of  about  084,  and  boils  at  97°.  lis 
odor  resembles  that  of  onions. 

Mercaplan  vapor  has  a  density  of  2'162,  as  may  be  thus  calculated  : 

4  vols,  carbon  vapor  weigh        (-830  X   *)      3'344 
12  vole,  hydrogau"         "  (■069   xl2)         -828 

§T0L  sulphur      "        "  (Q-654  X   !)      4-486 

i  vols,  meronptan  vapor  8-608 

The  aensicy  therefore  is,  or  the  weight  of  1  vol.,  2-152 

By  the  action  of  this  compound  upon  metallic  oxides,  1  equiva- 
lent of  its  hydrogen  unites  with  the  oxygen  of  the  oside,  forming 
water,  and  the  metal  takes  the  place  of  the  hydrogen  ia  the  ori- 
ginal compound.  Thus,  by  the  action  of  mercaptan  on  oiiflo 
of  lead,  PbO,  we  have— 

C4H5S2-I-  PbO=-C,H„S,PbS  +  HO=C4H5PbS2  +  IIO. 

These  metallic  compounds,  of  which  several  more  are  known, 
are  called  mmxaplides. 

Questions. — Are  thore  oHier  alcohols  besides  the  three  (leeoribed 
nbovet  COS.  What  are  the  raercaptans,  or  sulphur  alcohols?  Describe 
wine  alcohol  morcaptan.  What  ai-e  the  compounds  of  this  snbatanee  with 
(be  metals  called  ? 
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The  oompoimd,  C^H^^,,  oallad  mercaptmi  aldehyde,  ia  known,  aa  ara 
nlso  WBlhylic  iiiercaplau,  CbH^Sj,  and  aiaylic  mercaptan,  CmHi^S^ 

Selaniam  may  be  made  to  replnfie  tlie  Siilpliui-  in  the  oomtiioii  alooliol 
uieroaptaiis,  forming  sdmo-nio'cifptaHS. 


II     designated  by  the  simple  term, 

bj  tbe  reciprocal  action  of  olcoiol 

phosphoric,   or   arsonic,    or  the 

&c      It  is  oftea  eilled  sulpliuric  ether 


hydr 
whio 


The 
(the 


Qn  04    H 

Wlij  IS  it  often  calloti  aulphurta  ether  ?    How  ib  the  name  ether  now  m 
Do  the  different  aloohols  afford  ethars!     What  two  olsKsea  of  ethers 
there  in  each  oloohol  teries!     In  what  do  the  individuals  of  tlio 
claS308  differ? 
87 
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ETnERS. 
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blj     h 

1       n 

) 

hi 

ether,  C.H3CI.O  OO 

Ulhem  of  Wine  Alculml. 

605.  Ether  (Sulphuric  Ether),  CHjO.  ~  This  otbcr  may  be 
formed  by  several  modes ;  bnt  the  beat  is  to  distil  a  mixture  of 
equal  parts  of  alcohol  and  strong  sulphuric  acid  in  a  glass  retort, 
the  process  being  discontinued  as  soon  as  the  niisture  begins  to 
become  colored.  For  distilling  it,  an  alembic  or  other  distilling 
apparatus  (48)  may  be  used. 

The  product  should  1)e  washed  with  water,  to  sBparata  a  little  alcohol 
and  sulphuvons  acid  that  usually  pass  over  with  tlie  ethei".  Thia  is  doiio 
Ijy  filling  ft  bottle  about  half  full  with  the  impure  Biher,  and  tlien  pouring 
in  n  quarter  or  one-h(tIf  as  much  water,  and  shaking  them  'veil  together. 
After  gtiinding  a  few  minutes,  the  liquids  separate,  and  the  irater  may 
be  drawn  off  by  perforating  the  cork  and  inverting  the  bottle,  taking 
care  to  noMse  when  tJie  water  lias  all  escaped. 

Pure  sulphuric  ether  is  a  colorless  liquid,  of  a  hot,  pungent 
taste,  and  fragrant  odor.  At  the  temperature  of  60'^,  its  density 
is  072,  and  it  boils  at  96°  or  98°  ia  the  atmosphere,  and  at  about 
40°  below  zero  in  a  vacuum.  In  the  opea  air,  it  evaporates  with 
great  rapidity,  produuing  intense  cold,  so  that  water  may  easily 
be  frozen  by  it.  It  is  very  combustible,  and  burns  with  a  yellow 
flame.  Exposed  to  the  light,  in  vessels  partly  filled  with  air,  it 
gradually  absorbs  oxygen,  with  the  formation  of  acetic  acid. 
The  solvent  powers  of  ether  are  not  as  extensive  as  those  of 
alcohol,  but  it  dissolves  the  essential  oils,  resins,  and  many  of  the 
fatty  principles. 

608.  When  the  vapor  of  ether  is  inhaled,  it  first  produces  3 
species  of  intoxication,  similar  to  that  occasioned  by  eshilaratin" 

-605.  DaBcribe  the  mode  of  preparing  ether.     Wliat  are 
e06.  What  is  the  efFeet  when  vapor  of  ether  is  inlialed  ( 
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gas ;  and  afterwards  a  kind  of  stupor  follows,  during  wliicli  tlie 
person  is  nearly  insensible  to  paia;  the  effect  being  much  the 
paiao  as  that  produoed  by  chloroform.  When  iLsod  for  this  pur- 
pose, it  has  been  called  leiheon. 

607.  Sulphovinic  Acid. — Theori/ of  iheFormatianof  Ether.~ 
By  comparing  tbe  formula  of  alcohol,  G,\lfi^  =  CJI^HO,  with 
that  of  ether  OHO  it  ia  evident  that  the  former  may  be  con- 

d      1      a  bjd    t     f  th    1  tt  nd  the  tflect   t  the  ac  5  upo  i 

1        1    h  1    Q  [.     Ju  th  pi  J  to  abatia  t  fruni  it  sua 

ju     1    t    f  w  t  t      1         t       L  it  although  th  a  la  the 

fi     1  It     th  m   1    t      h  m    al  chan^pa  take  place 

Wh  n     j    1  p    t     f     Iph  d  itid  ^!coh)l  ar  mixed,  and 

1  gl  tly  h    t  d,     Ipho  I,  C.II  n,^hOaHO,  is  first  formel, 

and  may  be  obtained  in  a  free  state,  as  a  syrupy  liquid.  This 
acidia  capable  of  combining  with  bases  aod  forming  salts,  which  are 
called  mfpIioBtnates,  as  snlpbovinataMf  baryta,  BaO,CiH30,2S03, 
and  sulphovinate  of  lime,  CaO,C,HBO,280a.  These,  and  sulpho- 
vjnates  of  other  bases,  are  easily  obtained  in  crystals. 

Sulphovinio  acid,  though  very  stable  at  ordinary  temperatures, 
is  decomposed  when  heated  to  about  310",  and  ether  is  separated 
ill  the  gaseous  state,  and  may  be  condensed,  the  sulphuric  acid 
and  water  remaining  behind.  Thus  we  have,  neglecting  the 
water  of  the  oil  of  vitriol, 

0,HA,2S0,  =  CJI5O  +  2S0„H0. 

608.  Bj  using  nloohol  nearly  pure,  and  regnlating  {ho  tcmperntare 
constantly  at  about  800°,  botii  the  ether  and  the  water  formeii  from  tbe 
alcohol  may  be  made  to  (IisHl  over  together,  leaving  unchanged  the  ii«icl, 
whioU  has  produced  Hie  whole  effect. 

Let  A  (see  figure  on  next  page)  be  a  flask,  vrith  rather  a  wide  month, 
containing  a  miiture  of  five  parts  of  alcohol  and  eight  parts  of  sulphunc 
acid,  so  as  to  fill  it  about  half  full.  In  tie  cork  insert  a  bent  tube,  B, 
tlirough  which  «ie  fdoohol  required  in  the  process  ia  to  pass,  and  au- 
otiier,  C,  to  oonneet  with  the  oondenser  of  the  distilling  apparatus  (96) ; 

QuBBTiONS. — 607.  Why  may  nloohol  be  oonrfdered  a  hydrate  of  ether  t 
What  ia  the  effect  produced  upon  alcohol  by  sulphurio  acid  ?  What  is 
first  produced  when  equal  parts  of  alcohol  and  sulphuric  acid  are  mixed  ! 
VihAl  is  die  composition  of  this  acid  ?  Is  it  capable  of  forming  salts  with 
litiBBsl  Wliat  is  the  effect  when  aulphovinio  acid  is  healed?  608.  De- 
scribe tbe  mode  of  forming  ether  by  a  continuous  stream  of  alcohol. 
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the  liqaiil,  aa  repre- 
sented  in  the  figure. 
When  the  mistnre 
has  become  eviffi- 
ciently      heated,      a 


keep    the   liquid    in 

ginalleyel.  The  sup- 
ply of  aloohol  is  regu- 
lated by  tho  stopcock 
in  the  Teasel  D,  which 
must  be  supported  a 
litUe  oboTe  the  fiaak 
by  a  shelf  or  stand, 

mrse,  collected  together; 

jeparaled.     T!ie      '   ' 


The  elher  aud  water  that  pass  over  i 

but,  as  they  do  not  mis,  the  othei'  is 

daring  the  operation,  should  be  kept  oontJnuaUy  boiling,  and  the  heat 

very  oaieflilly  regulated. 

The  ether,  after  being  aeparated  from  the  wntoi-,  shoulcl  be  redistilled 
trom  a  weak  solntion  of  oauatis  potesh,  to  separate  it  from  any  acid 
which  may  have  passed  over  ■with  it. 

609.  Many  other  aoids,  as  the  phoBpIiorio,  araenio,  carbonio, 

oxalic,  tartaric,  &o.,  produce  with  aloohol  vinic  acids — called  also 

■   coupled  acids — which  are  entirely  similar  to  the  sulphovinic. 

Such  acids  are  properJy  to  be  considered  as  bibasio  (or  tribaaii 

To  indicate  the  basic  character  of  the  water  in  sulpbo^ 
aciil,  we  may  write  its  formulje,  HOiCiHjO.SSOa;  —  di 
w.itcr  may  be  replaced  by  another  equivalent  of  ether,  OjHsO, 
and  we  then  have  the  compound,  2(CjH30,S03),  wliicii  is  per- 
fuotly  neutral,  auil  ia  called  a  compound  other. 


,»). 
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Some  acida,  as  the  sulplmric,  oxalie,  and  carbonic,  foim  both 

d    and  compound  ethers,  while  otheis,  as  the  phosphoric, 

f    m       ly  vinic  acids;  and  others  still,  is  thp  nitiio  and  acetic, 

f    ra      ly  compound  ethers      Atids  of  this  latter  kind  are  stiiotly 

ai      b       . 

B  d  the  acids,  several  of  the  chlorides  (604),  as  the  chlorides 
f  1  tin,  and  the  fluoride  of  boron,  effect  the  transformation 

t    1    h  1  into  ether,  with  the  elimination  always  j)f  an  atom  of 
t 

By  1  t  Ilation  with  an  slkalino  solution,  the  eompound  ethers 

d  acids  are  decomposed,  and  alcohol  reproduced.     In  this 

th     Old  of  the  compound  ether,  or  vinic  acid,  combines  with 

(1     alk  1  ;  and  the  ether,  CJIjO,  as  it  is  set  free,  unites  with 

t  m    f  water,  thus  reproducing  alcohol,  G,HaOj. 

610    Hydrochloric  Ether,  C.HsCl,— This  ether  is  formed  by 

t      t  ng  common  alcohol  with  hydrociiloric  acid  gas,  and  then 

1   t  II    g  with  a  very  moderate  heat.     As  the  vapor  distils  over, 

t    h  uld  be  made  to  pass  through  warm  water,  to  free  It  from 

jur  t       and  is  thea  to  be  condensed  in  a  receiver  surrounded 

bj «, 

It  m  y  also  be  formed  by  distilling  a  mixture  of  equal  parts 
f  icol  1  and  the  hydrochloric  acid  of  commerce,  and  by 
II      m    ns. 

ib       action  producing  it  is  shown  by  the  following  equation  : 

C,HA  +  HCl  =  CHsCl  +  2H0. 

This  ether  is  a  colorless  liquid,  which  has  a  density  of  0  S74, 
and  boiis  at  the  low  temperature  of  52°  In  the  warm  weather 
of  summer,  it  can  be  preserved  only  in  tubes  hermetically  sealed 

By  its  formula  it  will  be  seen  that  its  composition  is  the  same 

QuESTiONa. — What  aeida  a.1-9  mmtioned  as  fniming  Ijoth  vinio  aoitia 
and  compound  etJiers?  What  as  forming  only  oomponnJ  etliera  '  What 
is  tlieir  character?  What  other  componnds  are  mentioned  as  being 
capable  of  traneforming  aJcoliol  into  ethei  J  How  ai  e  the  oomjiound 
ethers  and  viiiio  aoida  affeoteii  whan  distillecl  with  a  solution  of  alliali ' 
610.  How  is  hydrochloric  ethor  formed!  What  are  the  renofaona  by 
whioh  it  is  produced  when  alcohol  and  hydrochloric  acid  itre  used  ?  What 
arc  Home  of  the  properties  of  this  etlier? 
37* 
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as  tiiit  of  sulphuiic  eiliei-,  escept  that  tlie  oxygen  of  the  latter 
sab=tance  is  replaced  by  chlorine. 

By  pfii^mg  a  omieut  of  cMorine  through  a,  portion  of  tliis  etlior,  in 
ttirect  SOI  1  ght  1  eiuivalent  after  another  of  tho  hjdrogsii  ia  replaced 
by  ohloiTne,  antil  at  length  it  all  disappears,  and  we  have  only  the  oom- 
ponntf  CjClj.     IVe  haye  ihei-efore  the  foUowing  eorios  of  oompomide,  viz. : 

Boiling  Point.  Dcaait^ 

Hydroohlorio  ether 0^01  62°      0-874 

Biehlorinoted   do  CjH,Clj  147"    1474 

Triehlorinated  do   C^Sfii,  167°    1-872 

QuadiioMorinated  ether    C^*^'*  ^l^J" 1-539 

Quicqueohloriuated  do  ..  CjEClj  205"    1'640 

Sesqmohloi-idfl  of  carbon  C,Ha  =  C2H3  356° 

OU.  Hydrobromie  Ether,  CjH^Br. — TMa  ether  is  prepared  from  a  mis- 
tnro  of  aloohol,  phosphoms,  and  bromine.  It  is  a,  oolorless  liquid,  having 
a  density  nf  1-47,  and  boiling  at  106°. 

Hyflriodio  Ether,  C^H,!.— Praparadoii  similar  to  the  preceding.  It  is 
»  limpid  hqnid,  of  density  1-97,  and  boils  at  188°. 

Hydrosnlphnrio  Ether,  CjH^S.— This  ether  is  very  rolatiie,  colorless, 
and  of  a  ponettaling,  naneeoua  odor.  Its  denailj  is  0-826,  and  its  boiling 
point  163°. 


613.  Siilpiiurie  Ether  (proper),  C4H,0,S0,,— This  is  the  only 
compound  properly  called  sulphuric  ethar,  on  the  principles  adopted 
in  naming  the  other  compound  ethers. 

It  ia  ohtained  hy  the  action  of  anhydrous  sulphuric  aold  upon 
ordinary  ether.  It  is  a  neutral,  oily  liquid,  havirtg  a  density  of 
1-12,  and  a  sharp,  burning  taste.  Heated  to  285°  or  S00°,  it  is 
deconlposed,  so  that  its  boiling  point  cannot  be  ascertained. 

613.  HyponitroTis  Ether,  C,HoN04=0350,NO,,-~T!iJ3  ether 
may  be  formed  hy  tbe  direct  action  of  aitric  acid  upon  alcohol ; 
but  a  better  mode  ia  to  pass  a  current  of  nitrous  acid  vapor 
(obtained  hy  the  action  of  nitric  aeid  upon  starch)  through  dilute 

QuESTinas.— What  is  the  effoot  when  a  current  ofchlorine  is  passed 
thi'ough  hydrochloric  ether?  611.  What  otiiBr  simple  ethei-s  are  men- 
tioned? M2.  What  is  the  ooraposiUon  of  sulphnrio  ether  propel- ?  How 
is  it  obttdncd?     GIS.  Dcsoi-ibo  hyponitrous  etlicr. 
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alcoliol.  Heat  ia  geueratecl  by  the  process,  and  tliG  vapor  is 
condensed  in  a  cold  receiver.  As  the  action  of  the  acid  upon 
the  alcohol  is  often  very  tumultuous,  the  process  should  bo  con- 
ducted with  caution.  Hjpoaitrous  ether  is  a  liquid  of  a  pala 
yellow  color,  and  fragrant  odor;  its  density  is  ahout  094,  and  it 
boils  at  70".  In  a  pure  stale  it  cannot  be  kept  long;  but  mised 
with  alcohol  it  is  more  permanent,  and  is  extensively  used  in 
medicine,  tinder  the  name  of  sioeei  spirits  of  nitre. 

ITitrio  Ether,  CHsNOe  =  C^HsO.KOb-— Nitrio  ether  is  formed 
by  distilling  equal  parfs  of  nitrio  aeid  and  aloohol  with  a  few  grains 
of  urea.  It  is  a  colorless  liquid,  of  a  sweet  taate,  and  is  heavier 
than  water.  It  boils  at  about  185°,  and  its  vapor  explodes 
by  heat. 

614.  Carbonic  Ether,  C4H50,COa.— This  ether  is  obtained  by 
distilling  osalic  ether  (soon  to  be  described)  with  potassium  or 
sodium.  It  is  a  colorless  liquid,  very  volatile,  and  having  an 
aromatic  odor  and  acrid  faate.  Its  density  is  0-975,  and  it  boils 
at  259".  With  chlorine  it  yields  several  chlorinated  carbonic 
eihers,  by  the  replacement  of  1  or  more  equivalents  of  the 
hydrogen  of  the  simple  ether,  GJTsO,  by  an  equal  number^  of 
equivalents  of  chlorine. 

615,  Silicic  Etliers. — Silicic  ethers,  of  which  there  are  two  (or 
p    h  p..    h      )  formed  by  the  action  of  chloride  of  silicon 

[        b    1         1    h  I.     They  are  volatile  liquids,  having  a  pene- 

d  1     pungent  taste.     By  water,  or  by  long  standing 

b     1      f    m  wh   h.the  air  is  not  perfectly  excluded,  they  are 

g     1    lly  mp      d ;  and  the  hydrated  silica  is  left  in  hard, 

m  embling  quarta, 

A    t     Etlt       <:HA  =  C,HjO,CjH303.— Acetic  ether  may 

b    p    p      d  ly         ral  modes,  but  the  best  ia  to  distil  a  mixture 

f      jj  f       ta  e  of  potash,  3  of  absolute  alcohol,  and  2  of 

lj,h  d       4.  otic   ether  is  a  volatile  liquid,  of  a  fragrant 

d      Ik      h       f     rong  vinegar.     It  boils  at  165",  and  has  a 
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ei6.  Oxalic  Ether,  CS^Ot  =  C^HjOjC  A>~T!iis  ether  is  pre- 
pared hj  (listilUng  a  misture  of  4  parts  of  biDosalatc  of  potash, 
5  parts  of  sulphuiio  aoid,  and  4  of  strong  alcohol,  and  thoroughly 
washing  the  product  with  water.  It  is  a  volatile  liquid,  which 
has  an  aromatic  odor,  and  ia  a  little  heavier  than  water. 

Osalic  ether  is  decomposed  by  contact  with  an  alcoholic  solution 
of  potash,  forming  alcohol  and  oxalic  aoid.  Ammonia  acts  upon 
it,  producing  two  compounds,  called  oxamide,  OjOgNHj,  and 
oxamic  acid,  CiOjNHjjHO.  By  the  action  of  chlorine  upon 
it,  several  chlorinated  compounds  are  formed. 

617.  Formic  Ether,  C(H„0,  =  C,H50,CsH03  —This  ether  is 
formed  by  distjllrag  a  mixture  of  dry  furmiate  ot  soda,  sulphunc 
acid,  and  strong  alcohol  It  is  also  produced  m  considerable 
quantity  duung  the  process  for  preparing  fulminatinf;  mercury, 
to  be  hereaiter  desonbed 

Formic  ether  is  a  colorless  hquid,  which  boilo  jt  about  130°, 
and  has  a  specihc  gravity  of  0  015  It  has  a  \eiy  penetritinf;, 
agreeable  odor,  and  is  soluble  m  about  ten  times  its  weight  of 

Muny  other  oompomid  eihers  of  tie  wine  alcohol  Bevies,  cannot  Tic  here 
desmibed.  Eeeent  Kriters  enumerate  nearly  a  hundred,  formed  by  the 
organic  acids  alone. 

In  their  cotaposition  they  evidently  possess  the  character  of  salts, 
being  formed  by  the  union  of  ether,  C^HjO,  acting  aa  a  base,  with  the 
Eeveral  aoids ;  hut  in  their  properties  they  differ  essentjally  from  proper 
saline  oompoimds.  This  appears  in  the  fact  that  the  acid  cannot  be 
•letected  by  the  ordinary  tests;  thus,  oxaJio  eUier  is  a  compound  of 
vinio  ether,  C,H,0,  and  osalio  aeid,  C-O,;  but  hme,  which  separates 
oxaho  aoid  ti-om  its  saline  compounds,  forming  oxalate  of  lime,  will  not 
separate  this  acid  from  oxalic  ether. 

The  same  remark  applies  to  the  coupled,  or  vinic  aoida. 

Ethers  of  Methylic  Akoliol. 


618.  MethyHe  Ether— Wood  Ether,  Q^M^O.  —This  ether  is 
formed  from  methylio  alcohol,  in  the  same  manner  as  sulphuric 

Questions. — G16.  How  is  oxalio  ether  prepared  !  617.  Formlo  ether? 
How  are  the  compound  eihers  formed  ?  Are  (hey  really  salts  'I  Do  they 
differ  in  any  respect  from  proper  saline  componndst  Illnatrato  with 
reference  to  oxalic  ether.     618.  How  is  methylio  ether  formed  ? 


Ho.led  by  Google 


H  441 

!  prep     d  f    m      mm        1    h  I    by  d  stilling  methjlio 

1    li  1  w  li  q    1      1  f      Iptu  d.      It  is  a  color- 

1       na      f     p  d         d  d  pidly  absorbed  by 

Idw         bi,  ffg  ix        dbyb  iling.     It  is  coa- 

d(,uaLd  to  tbe  liquid  furin  by  a  temperatuie  of  — 3° ;  and  is  cbiefly 
interesting  as  taking  the  plaoe,  in  this  series,  which  the  ether  first 
described  (605),  sometimes  called  sulphuric  ether,  occupies  in  the 
common  alcohol  series. 

The  theory  of  its  formation  corresponds  in  eyerj  respect  with 
that  already  explained  (607)  ia  describing  ordinary  or  sulphuric 
ether.  When  methylic  alcohol  and  sulphuric  aoid  are  mixed, 
at  a  moderately  elevated  temperature,  siilpho-meiki/lic  acid  is 
formed,  having  the  composition,  C,H,Os,2S03=C>,HA2SO„HO, 
which,  by  further  elevation  of  temperature,  is  decomposed;  the 
metbylio  ether  being  separated,  and  the  sulphuric  acid  and  water 
alone  remaining. 

619.  Hydrochloric  MethylicEther,  CjHaO!.— Tbisoorapound 
is  formed  by  distilling  a  mixture  of  common  salt,  wood-spirit,  and 
oil  of  vitriol.  It  is  a  colorless  gas,  of  a  peculiar  odor,  and  oor- 
I'csponds  to  tbe  ether  of  similar  name  in  the  common  alcohol 
scries  i  the  osygen  of  the  preceding  compound  being  replaced  by 

It  ia  not  reduced  to  a  liqnid  state  by  a  temperature  of  aero. 
Byfho  aofion  of  cMorine  upon  this  ether,  in  the  direct  rays  of  tie  sun, 
the  sBTeml  equivalents  of  bydrogan  may  be  aneoeasLvely  replaced  by 
chlorine,  as  heretofore  shown  in  another  case  (010),  and  important  com- 
pounds formed, — the  formulse  of  which,  wltli  their  deiisilieB  and  boiling 
points,  are  given  in  tbe  following  fable; 

Soil.  PolDt     Deudty. 

Hjdroohlorio  methylio  efhei-,  CjH,Cl  0-0°  1.74 

Bichloriuatcd        "  "      CaHjClj 87°  1-34 

Trichlorinated       "  "      CjHClj  142"'. 1-49 

Sesqniehloride  of  carbon,  C,Hj      172°  1-60 

620.  Chloroform,  CsHCla,  ia  the  trichlorinated  compound  of 
this  series.      It  is  produced  by  tbe  direct  action  of  chlorine 

QUESTiONS. — What  is  said  of  the  relation  motbylio  ether  sustains  to 
inethjHo  alcohol  ?  What  is  sulpho-metliylio  acitl  ?  619.  DcEoribc  hj(ii-o~ 
Obloi-io  melhyhc  ethor.  What  is  the  effect  when  a  eiiiTent  of  chloriuo  is 
made  to  pass  through  tliis  ether?     020.  What  h  chloroform? 
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Upon  bydroohloric  metbyiio  ether,  but  the  best  metbod  of  pre- 
paling  it  is  to  distil  a  mixture  of  bypochlorite  of  lime  (commoD 
bleaehiog  enlt)  and  wine  alcobol,  or  wood-spirit, 

Ohloroforiii  is  a  dense,  oily  liquid,  of  an  agreeable  ethereal  odor, 
and  sweetish  taste.  It  is  not  dissolved  hy  water,  but  mixes  readily 
with  alcohol.  Its  density  is  149,  and  it  boils  at  about  142°.  By 
breathing  its  vapor  mixed  with  atmospheric  air,  a  kind  of  intoxica- 
tion is  produced,  much  lite  that  occasioned  hy  exhilarating  gas,  or 
the  vapor  of  sulphuric  ether.  If  the  vapor  is  breathed  some  time, 
total  insensibility  to  pain  is  produced,  and  loss  of  consciousnesB, 
g     1    p  y    f       b    I     f    med, 

wl  d        f         p 


during  w 

b    hdffi     I 

without 

n    h     h 

It  re 
Ciii'bonic 

dly  d  I 
d 

By  al 

foriniat 

h  1  I 
f  p       h 

cumstance  that  sugge 

Todofirm,  CjHI,,  hi-or. 

suggested  the  name  chlorofonn. 

.      i,  CaHBra.  and  eulphofirm,  CjHSj,  avo  aiiiilo- 
gous  compounds  of  iodine,  bromine,  and  sulphur. 

8S1.  Hydriodio  SeUiylio  Ether,  CjHjI,  is  a  colorless  liquiJ,  obtained 
by  distilling  a  misturo  of  iodine,  methyKc  alfloliol,  and  phospborus.  It 
is  remavliable  for  its  groat  density,  which  is  2-24. 

Hydroljromio  Methylio  Ether,  CjH,Br,  is  prepared  in  a  manner  similar 
to  Che  above,  only  Eubatituting  bromine  instead  of  iodine.  It  is  liquid  at 
temperatnres  below  56". 

Hydrosiilphuric  Methylic  Ether,  CjHjS,  is  a  liquid,  of  a  density  0'846, 
wliioli  boils  at  106°, 

Still  other  simple  mullijlio  ethers  aj'e  known,  but  they  cannot  be  horo 
described. 


622.  Sulphurie  Methylio  Ether,  CjHASOj.  — This  ether  ia 
formed  by  distilling  1  part  of  raethylic  alcohol  with  8  or  10  patta 
of  sulphuric  acid.  It  is  a  liquid,  having  a  density  of  1-32,  and 
boils  at  370=. 

Nitric  Methylic  Ether,  CaH^NO^  =  CiHaO,NO,,— This  ether 
corresponds  to  the  ether  of  similar  name  in  the  common  alcohol 

QuRSTiONS. — How  ia  chloroform  prepared!  What  use  is  made  of  it? 
6131.  What  other  raetbylio  ethers  are  mentioned!  622.  How  is  sul- 
iihiLcie  mathyllo  ether  formed  f    Describe  nitric  methylic  ether ! 
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series.  It  ia  formed  by  distilling  a  mixture  of  wood-spirit,  nitrate 
of  potash,  and  eulphurio  acid.  It  ia  a  dense,  ooloriesa  liquid, 
which  boils  at  about  150°.  Its  vapor,  when  heated  to  248",  is 
decomposed  with  a  violent  explosion. 

OxaKc  Methylie  Ether,  0,11^0, ^C.naOCA.  — Oxalic  me- 
thylic  ether  is  prepared  by  distilling  a  mixture,  in  proper  pro- 
portions, of  sulphuric  acid,  binosalate  of  potaasa,  and  metbjlic 
alcohol.  At  ordinary  temperatures,  it  is  a  white  crystaline  solid, 
which  melts  at  124'",  and  hoils  at  322°. 

Acetic  MethyUo  Ether,  0cHsO,=C2HjO,C,H3O3.~Tlii3  ether 
ia  formed  hj  distilling  an  acetate  wit3i  methylie  alcohol,  and  sul- 
phuric acid.  It  is  always  formed  in  the  distillation  of  wood.  Id 
isftcolorle^liquid,  of  an  agreeable  ethereal  odor,  and  has  a  specific 
er  09  9  m 
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This  etlior,  it  will  be  seen,  corresponds  precisely  to  c 
ether  in  tlie  wiac  alcohol  group  of  ethei-s,  and  to  methjlic  ether 
in  the  methylie  alcohol  group. 

Hydrochloric  Amylic  Ether,  0,oHi,Ci. — To  obtain  this  ethor, 
equal  parts  of  ainylie  alcohol  and  perehloride  of  phosphorus  are 
distilled  in  a  glass  retort,  and  ths  vapor  condensed  in  the  ordinary 
mode.  It  13  a  colorless  liquid,  with  an  aromatic  odor,  and  boila 
at  about  215°. 

It  may  also  be  obtained  by  the  action,  long  continued,  of  hydri>- 
chloric  acid  upon  alcohol. 


Awtlo  Amylio  Ether,  C,4H,jO,  =  C,„H|iO,0,H50a.— To  prepare  acetic 
Bmylio  ether,  equal  parts  of  amjlio  alcohol  and  oil  of  vitriol  are  distilled 
wifii  2  parts  of  aoetat*  of  potash,  and  the  resulting  liqaid  purified.  It  is 
a  licQpid  liquid,  a  little  Hghter  than  water,  with  an  agreeable  aromatic 
odor.  Its  boiling  point  is  357°.  By  aome  ita  composition  is  said,  to  be 
8(C,oH„0),C,HsOj. 

The  odor  of  this  ether  closely  resomblea  that  of  the  ripe  baiiana  fruit, 
and  it  is  used  to  give  the  banana  flavor  to  sugar-oandy.  The  preparation, 
is  eoroetjmes  called  banana  drops.  The  peculiar  flavor  of  many  ripi* 
fruits  may  in  Uiis  mode  be  very  closely  imitated  by  the  use  of  etiiei'S. 

Oxalio  Amylic  Ether,  C,bHiiOj=;  C,[|H,iO,CaOj. — Tliis  compound  is  pro- 
cured by  distilling  a  mixture  of  atnylio  alcohol  and  osalio  acid.  It  ia 
liquid  at  ordinary  temperatures,  and  boils  at  500°.     Its  odor  is  ©seeed- 

VOLATILE,    OR    ESSENTIAL    OILS. 

628  The-e  oils  constitute  a  very  numerous  class  of  compounds, 
and,  as  the  name  indicates,  are  distinguished  by  being  volatile  at 
ordinary  or  slightly  elevated  temperatures.  Most  of  them  are 
liquid  at  a  temporatuie  of  50°,  or  above ;  but  a  few  are  solid,  as 
common  camphor 

They  are  ilso  usually  distinguished  by  their  powerful  odor, 
which  IS  often  very  agreeable.     Most  of  them  are  obtained  from 

Questions. — What  relation  does  amylic  ether  sustain  to  this  aeiies 
of  ethers?  What  other  ethers  of  this  series  are  mentioned?  635.  What 
is  said  of  the  odor  of  acetic  amylic  ether?  626.  What  is  said  of  the 
volatile  oils  ?  Are  any  of  them  solid  at  ordinary  temperatures  !  What 
la  said  of  their  odor  ?    From  what  are  tliey  obtained  ! 
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the  leaves  and  stalks  of  plants,  but  some  are  found  iu  the  flowers, 
fruit,  bark,  wood,  or  in  the  pericarp. 

In  general,  these  oils  are  obtained  by  distilling  tlie  part  of  tbe 
plant  oonfainiflg  them,  with  water' — both  the  oil  and  the  water 
pass  over  in  vapor,  and  d        d        h  modo,  and  aie 

afterwards  separated  by  h  g  tice      In  t  lew 

cases  onlj  is  the  oil  tea  h  n  w         wh 

as  a  matter  of  course,  it      k         h  in 

To  aeparato  euoh  as  ar       g  v 

vesselof theformcepreaenl  li   m    g 

well.  It  ia  simply  a  vessel  of  proper  siie,  witli  a, 
small  spout  which  starts  nearly  from  the  bottom 
and  rises  nearly  as  bigh  as  the  moath.  It  is  firat 
flllBil  with  Tvator  to  the  line  A,  nnd  then  the  miied 
llquida  are  poured  into  it  in  a  small  stream,  the  oil 
remaining  at  the  eurfaoe,  while  the  water  escapes 
at  C.  Tliis,  it  is  OTident,  may  be  continued  until 
tlie  vessel  is  nearly  filled  with  the  pure  oil ;  or  until 
if  more  were  added,  the  oil  itself  would  begin  to 
escape  hy  the  spout  C.  "tpa  ntiug  "\  lat  i  u  la 

Water  ia  necessary  in  the  distilling  process,  to  prevent  the  decoiii 
position  of  a  portion  of  tho  oil  by  the  heat ,  and  in  moit  ta'es  thi. 
distillation  can  be  effected  in  this  mode,  even  though  the  boiling 
point  of  the  oil  be  considerably  above  that  of  water.  In  some 
cases,  a  higher  temperature  than  212°  is  required,  when  some 
solabje  salt  is  added  to  the  water,  as  common  salt;  a  saturated 
solution  of  this  compound  boiling  at  about  230". 

Some  few  of  the  essential  oils  are  obtained  from  the  plant 
by  pressure,  or  by  the  action  of  a  solvent,  as  alcohol  or  ether. 

627.  These  oils  being  volatile,  if  a  small  portion  is  dropped  on 
a  piece  of  white  paper,  the  stain  produced  soon  disappears,  espe- 
cially if  the  papor  be  warmed.  In  this  way  tbey  may  be  dis- 
tinguished from  other  oils,  which  produce  upon  paper  a  permanent 

Most  of  the  essential  oils  consist  of  at  least  two  principles ;  one 
of  which  ia  less  fusible  than  the  other,  and  may  be  separated  by 
cold.     Thus,  exposing  oil  of  peppermint  to  severe  cold,  a  solid 


Questions. — Why  is  water  necessary  in  disljlling  these  oils?  627.  How 
may  the  volatile  oils  be  distinguished  f  What  is  said  of  the  composition 
of  most  of  theni ! 
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not  unlike  camplior  is  eryataliaed  out,  and  may  be  Beparated  from 
the  portion  that  remains  liquid.  These  solids,  sometimes  called 
sSearoptens,  are  different  in  t!ie  different  oils;  some  being  much 
more  easily  eolidified  than  others.  Their  compoeitiou  i.s  aluo 
various;  some  heiug  isomeric  with  the  oil  which  yields  theiu,  aod 
others,  hydrates  or  oxides  of  the  oil. 

Most  of  them  exist,  as  such,  in  the  plant  or  part  of  the  plact 
from  which  they  are  obtained,  but  some  are  formed  in  the  process 
of  distillation  from  materials  contained  in  the  substance  distilled. 

628.  If  we  hose  regaid  to  the  elemeots  of  which  these  oils  are  com- 
posed, we  may  diyide  them  into  three  classes,  viz. : 

1.  Oils  composed  enlJrelr  of  carhon  unci  hydrogen. 

2.  Oils  which,  in  iiddition  to  the  oboye  elements,  also  contain  oxygen;  and 

3.  Oils  of  which  sulplmr  ia  an  ingredient ; — those  also  asually  contain 

Uarho-}iydrogen  Volatile  Oils. 

629.  Oil  of  Turpentine— Camphene,  CsoHie. — This  oil  is  pro- 
cured by  distilling  common  turpentine  with  water.  Turpentine 
is  obtained  from  several  species  of  the  pine,  in  the  wood  of  which 
it  ia  contained  in  large  quantities.  At  the  proper  seasons  of  the 
year,  incisions  are  made  with  an  axe  in  the  trunks  of  the  trees, 
from  which  it  gradually  esudes,  and  is  collected  and  preserved. 
Thi?  viscous  substance  ia  a  solution  of  resin  (common  rosiii)  in 
oil  of  turpentine,  and  the  latter  is  separated  in  the  process  of 
distillation. 

Common  s;piriu  of  turpentine  ia  an  impure  oamphene,  con- 
taining a  portion  of  resin  in  solution. 

Exposed  to  the  air,  oil  of  turpentine  evaporates  rapidly,  but  at 
the  same  time  oxygen  is  absorbed,  and  a  portion  of  the  oil  ia  con- 
verted into  resin,  which  remains  in  solution.  It  can  therefore  bo 
preserved  pure  only  in  vessels  from  which  the  air  is  perfectly 
escluded.  When  pure,  it  is  a  limpid  liquid,  of  specific  griivily 
0'87,  which  boils  at  31o=. 

Questions.— -Do  tJie  essential  oils  esist  ready  formad  in  tlio  plant  ? 
628.  Into  what  three  clBSsas  may  thay  be  divided?  629.  How  is  oil 
of  turpentine  procured?  From  what  is  it  obtained?  What  aio  tho 
ordinal^  epiiita  of  tarpenfoie ! 
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Oil  of  turpentino  is  not  soluble  in  water,  but  dissolvea  readily 
ii]  alcohol  and  ether,  and  in  other  essential  oils.  Mixed  with 
three  or  four  times  its  volume  of  strong  aloohol,  it  constitutes  the 
ordinary  burning  jiuid. 

Wlien  left  for  same  time  in.  contact  with  nater,  a  portion  of  the  two 
unite,  forming  a  solid  hydrate  of  csmphene,  wliich  has  the  formula, 
CjoH^QHO.  Other  hydrates  may'  also  be  prepared,  containing,  seve- 
railj,  i,  2,  and  1  eijaiyalents  of  water. 

Manj  anbstimcea,  as  oaoutohouo,  insoluWe  iu  alcohol  and  ether,  dis- 
soItb  readily  in  this  oil,  wMoh  renders  it  an  important  substance  in  the 
ni'ta.  It  is  also  largely  used  in.  miiing  piunts,  in  the  manufacture 
of  varnishes,  and  in  the  prantiee  of  medioiue. 

830.  St/drochlorate  of  camphene,  or  art^dal  camphor,  C™H,j,HCl,  is 

fiiepared  by  passing  a  currant  of  dry  hydrochloric  acid  gas  through  pure 

oil  of  turpentine.     It  makes  its  appearance  as  a  white  crysialino  solid, 

which  melta  at  about  °0"°   and  may  be  sublimed   without  oliaoge    at 

ut  8  8         Ii    manj     f    ta  p    j     lies    t    1      ly      so   bl  a      mm  n 

ph 

Ih     p    t    n     h   1       m         1  |u  d  h-v  th        m        mp     ti  n        tl 


II   !      1      and  h  di  h    m  d    f    m  w  th      1    f  tu  p     t 

1.        I  1     t    th       f        d  by  th   h   ir    hi 

Iph  d  n  t       a   d   a  t     al  ly    p         I   f  t    p    t      ,  f   m  ng 

tnveral  interesting  compounds. 

631,  Oil  of  Lemons,  CioHb. — This  oil  is  ohtaiaed  by  preasuro 
from  the  yellow  part  of  the  peel  of  the  fruit,  and  is  isomeric  ■with 
the  preceding,  having  the  same  ultimate  composition,  but  its  equiva- 
lent being  only  one-half  that  of  oil  of  turpentine.  By  distillation  it 
yields  two  oils,  which  differ  in  their  boiling  points. 

Oil  of  lemons  has  a  speoific  gravity  of  0-847,  and  it  boils 
at  338°. 

Uy  the  action  of  hydrochloric  acid,  it  forms  two  campliors, 
similar  to  those  formed  from  oil  of  turpentine,  one  being  solid 
nud  the  other  liquid. 

Orange  peel  yields  an  oil  iaomerio  with  tho  ahove,  but  having  a  dif- 
fei'ont  specific  gravity,  and  a  difl'erent  boiling  point. 

Oil  ofelemi,  oil  of  juniper,  oil  ofpcppej;  &c.,  have  a  similar  composition 
to  the  above,  and  they  ace  all  isomevic. 

QoEBTiONS. — What  is  the  effect  when  oil  of  turpentino  is  left  in  contact 
witJi  water?  IVhat  use  is  made  of  tliia  oil  t  630.  What  is  artificial  oam- 
pliov!  How  is  it  formed!  6S1.  Deaoribe  the  oil  of  lemons.  What  is 
said  of  oiL  of  elemi,  oil  of  juniper,  &c.  ! 
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Oxi/yenaled  Volatile  Oils. 

632.  Oil  of  Bitter  Almonds.— Benzoic  Series  of  Compounds. 
. — Bitter  almond  oil,  Ci,HeOj,  is  obtained  from  the  liemels  of 
bitter  almonds  by  dialillation  with  water  after  the  fixed  oil  con- 
tained in  the  seed  has  been  espi'essed.  It  does  not  pre-exist  in 
the  seed,  but  ia  formed  from  the  amygdcdinc  of  the  seed,  in  a 
manner  soon  to  be  explained.  Its  density  is  a  little  above  tliat 
of  water,  and  it  boils  at  356°.  It  is  quite  colorless,  and  has  a 
pungent  (aste  and  fragrant  odor,  and  is  poisonous. 

After  the  fixed  oil  has  been  expressed,  the  pulp  is  allowed  to 
btaiid  for  some  hours,  and  a  kind  of  fermentation  takes  place  in 
tho  amygdaline  by  virtue  of  the  presence  of  another  proximate 
principle  contained  in  tho  almond,  called  synaptase,  or  emulbine. 
Duiing  this  fermentation  there  are  produced,  besides  the  oil, 
hydrocyanic  acid  and  glucose. 

633.  Ajtiygdalbie,  CjqH^NOjj.  may  be  ohfmnad  in  a  free  atite.  It  is  a 
crystoline,  colorless  powder,  very  solable  in  water  and  alcohol.  Synaptast 
also  may  be  isolated ; — it  is  a  yellowish- wLite  solid. 

GS4.  Chlorinttted  Oil  of  Bitter  Almoitdi— Chloride  of  Benzyle,  Ci^HgClOd. 
>-TM3  substance  is  obtnined  by  passing  a  current  of  dry  chlorine  througn 
oil  of  bitter  almonds,  and  expelling  the  excess  of  chlorine  by  heat.  It  is 
a,  oolorleas  liquid,  heitTier  t^an  water,  and  has  a  peculiar,  disagreeable 
odor.  It  is  formed  from  the  oil  by  the  substitution  of  an  atom  of  ohlonna 
foi'  one  of  hydrogen.     Iodine  and  bromine  form  similar  compounds. 

When  this  chlorinated  oil  is  treated  with  gaseous  ammonia,  there  are 
formed  beiisamide,  ChHjOj.NEj,  and  hjdrochlorate  of  ammonia.    Thus, 

C,,HsC10j-|-3NH,  =  Ci,Hj03,NHa  +  NH3,HCI 

Benzamide  ia  a  white  crjetaline  solid,  and  may  be  entirely  pm'ified 
from  the  sal-ammoniac  by  washing  it  with  watar.  By  remaining  long 
in  contact  with  water,  beniamide  is  converted  into  hydrobenzamide, 
C^jHijNj.BHO;  and  this,  by  solution  in  aleohol  and  boiling,  is  reeon- 
TGrtfld  into  bitter  almond  oil  and  ai '" 


Benzoic  Acid. — When  exposed  to  the  atmosphere,  oil  of  bitter 
almonds  rapidly  absorbs  oxygen,  and  is  converted  into  iefzoic 
acid,  C|,HA  =  C„HA,HO.      This  acid  is  also  formed  when 

QtiebtioNH. — 632,  Describe  bitter  almond  oil.  From  whnt  proiimFitfl 
principle  contained  in  the  kernel  is  the  oil  formed?  633.  Dosoi'ibe 
amygdaline.     634.  Describe  the  ohioiinated  oil.     Doseribe  bennoie  acid. 
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tin.  Oil  1  boiled  m  fh  a  sjlulion  of  potaf'ia  It  is  a  beautifal, 
oijstahne  solid,  wticli  melts  at  248°,  ani  bulls  at  about  460° 
It  may  however  be  sublimed  at  a  tempe  ature  cousideiibly 
1  clow  its  boiling  point 

0  acid  is  found  in  considerable  q  nntity  in  the  ri.s  nous 
i  usually  called  gum  henzoii    a  produ:,t  cf  tie  ianm 
hi.  zom      Prom  this  compound  it  m'iy  be  procuii_d  by      ^ 
dueot  Bubhmiticn,  m  ibe  following  minner     Phoe  a  rX~^ 
Hii  all  quantity  of  the  resin  CDarsely  powdeied    upon  a     '^ 
fhteof  metal  on  a  stand,  and  put  event  a  gh=ar  e    \ei,      'f\ 
h.  ving  suspended  in  it  a  Bmall  twig  ot  m  nt,  oi  other      j^ 
substance,  as  shown  in  the  figure,  and  apply  the  beat  of  V^  / 
a  lamp  beneath  it.     In  a  short  time  the  leaves  will  be  ■'  f^  V 
covered  with  delicate  crystals  of  the  acid. 

Benisoio  acid  with  bases  forms  numerous  salts  called  hen- 
zoates,  but  none  of  them  are  of  sufficient  importance  to  require 
description  here. 

635,  Bmimoic  lather,  C,HsO,C„Hi03,  is  formed  by  distilling  a 
luisture  of  1  part  of  benzoic  acid,  2  parts  of  alcohol,  and  6  parts 
of  hydrochloric  acid.  It  is  a  colorless  liquid,  heavier  than  water, 
and  boiling  at  410°.  By  substituting  methylic  instead  of  wine 
alcohol  in  the  mixture,  hetmoic-meihyUc  ether  is  formed,  which 
boils  at  226°. 

636,  £in2oine,  C^KiSI^,  is  formed  when,  crude  oil  of  bitter  almonds  is 
sliitlteii  with  an  alcoholic  aolation  of  potassa,  and  is  separated  by  ovja- 
taliiation.  The  crystals  melt  at  248°.  It  is  ieomeiio  with  tho  oil. 
It  may  bo  sublimed  without  ohanga ;  but  by  paasiiig  its  vapor  throngh  a 
j-ed-hot  tube  the  oil  is  reproduced. 

By  heating  benzoine  with  nitric  acid,  it  loses  2  equivalents  of  it^ 
hydrogen,  and  a  new  compound  is  formed,  called  beitsik.  fly  the  ad- 
dition of  osygen,  bertiilio  acid  is  formeiL 

637.  Smuone,  C^l 
is  distilled.  It  is  a  i 
hoi  and  ether. 

G3S.  Benime,  C.jH,,  at  ordinary  temperatm-OB,  is  a  liqaid  of  Epecifio 
gravity  0-35,  which  boils  at  187°.  It  ii  formed  by  distjlling  a  misture 
of  3  parts  of  dry  rocenUy-slalced  lime  and  I  part  of  benzoic  acid.     It  ia 
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of  a  Bweet  taste  and  agreeable  odor,  and  orystaliaes  nbea  cooled  to  83". 
It  has  also  been  called  bensol  and  phene;  and  is  prodaoed  by  the  deoam- 
poaitjon  of  many  organic  anbstanoes  by  beat. 

639.  Oil  of  Spirsa  Ulmaria.— Salioine  Series  of  Compotuids. 

— Flowers  of  the  plant  called  meadow-sweet  (spirKO,  wlmaria), 

when  diatjlled  with  water,  yield  an  acid  easeatial  oil,  CuHaOj, 

wbioli,  like  tlie  oil  of  bitter  almonds,  is  of  special  interest  because 

of  its  intimate  relations  with  numeroua  otter  compounds.     It  doea 

p  h    ft  wers,  but  is  formed  in  tlie  process  of  dis- 

d  more  dense  than  water,  and  boils  at  385°. 

merle  with  benzoic  acid,  and  is  sometimes 


640   Ska     C  H  jOu,  is  a  substance  obtained  from  tlie  bark 
w  How  (salix)  and  from  miny  olher  phnta 


d 


d  ,  b  h         C    d    u 

forming  a  deep  red  solution, 
parts  of  salieine  and  biohromate  of  potash, 

with  6  or  8  times  tbeir  combined  weight 
d,  and  afterwards  distilled,  yields  salicyloua 
d  above. 


Hs08  =  CnH505.HO.— This  acid  is  formed  wfcen 

itli  an  excess  of  caustic  potash.     The  alkali  is 

a    ral  acid,  and  the  salicylic  acid  is  obtained  in 

are  soluble  in  boiling  'water  and  in  nlcobol  and 


sc  ibe  tie  mode  of  proonring  oil  of  spiTis:i  m 
How  is  salioylouB  acid,  or  tho  oil  last  men' 
641.  Describe  Ealicylic  acid.     What  is 
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Phenol  la  sometimaa  cltaaed  with  the  dad  11  d  atbolk  acid. 
It  I'Bsemblea  the  alcohols  in  many  of  ita  p    p    ti 

842.  By  distilling  a  mixture  of  2  parta  f  b  1  t  ]  hoi,  1  part 
of  Bulphnrio,  andlipoTtaof  Bolioylioooid  la/l  th  C  HjO,C,4HjOp 
13  obtained.     It  ia  a  dense  liquid,  boiling    t  437  I  p  ssesBee  aoid 

properties,  readily  oonjbining  with  bases  and  foiming  proper  aalte.  By 
eubatituting  methylio  aleohoE  in  the  abore  mixture,  and  using  2  parte 
of  sidiojho  acid,  wa  obtain  lalitryUc  methyiic  elher,  CjHjO,C,jHjOj,  wMoh 
is  of  special  interest  as  being  identical  with  the  obief  oonafitaent  of  oil 
of  mnter-gi-eeit  (gauUheria  proetimbeiti],  a  aubatanca  wflll  known,  aa  obtained 
by  dlBtilling  with  water  the  leares  and  berriea  of  thia  plant. 

The  oil  ia  au  aromatic  liquid,  heavier  than  water,  having  il^  boiling 
point  at  485". 

643,  Oil  of  Cinnamon.  —  Cinaamio  Series  of  Compounds.— 
Oil  of  cinnamon  is  prepared  bj  distilling  with  water  the  cin- 
namon of  oommerco,  which  is  tho  prepared  bark  of  two  or  more 
species  of  trees,  found  in  Ceylon  and  other  Eastern  countries. 
It  possesses  the  peculiar  taste  and  odor  of  the  hark.  Its  compo- 
sition when  pure  seems  to  be  CuHbO,,  but  when  exposed  to  the 
air  it  absorbs  osygen,  and  perhaps  undergoes  other  changes  not 
nnderstood,  so  that  different  chemists  have  arrived  at  different 
result-s  as  regards  its  true  composition. 

644,  Cinnaw,ic  Acid,  C|fH,03,H0,  is  always  found  in  the  oil 
ufiov  it  has  been  kept  for  a  time  exposed  to  the  air,  and  is  also 
contained  with  benzoic  acid  in  the  balsams  of  Tolu  and  Pent. 
It  is  a  crjstaline  solid,  which  melts  at  264°,  and  boils  at 
about  570°. 

Oinnamio  acid  forms  ethers  with  common  and  niethjlio  alco- 
hols, analogous  to  those  formed  by  salicylic  acid. 

When  vapor  of  cinnamio  acid  is  mode  to  paas  through  a  glass  tuba 
boated  to  dull  redness,  it  is  deBomposed,  and  a  oarbo-hydrogen,  C^Hg,  is 
formed,  oallod  einnamme.  It  is  a  colorless  liquid,  of  an  agreeable,  pene- 
trnting  odor.  This  compound  may  also  be  obtained  from  the  resinoiia 
substance  called  atyrax,  and  has  in  coiisequeaoe  aomelimes  recdved  the 
nnme  alyrole. 

By  treament  with  differeut  j-eageiits,  stall  other  compounds  belonging 
to  tliia  aeries  may  be  obtained. 

645,  Oil  of  Aniseed.— Anisic  Series  of  Compounds. — Aniseed 
(the  seeds  of  the  anisem  Batiuum),   when   distilled  with  water, 

Questions.— 642.   Describe  ealioylic  efher.     What  Is  said  of  tlie  oil 
of  winter-gi'een ?     t>43.   How  is  oil  of  cinnamon  procured?     644.    Da- 
",     645.  Describe  aniseed  oil. 


H.,t.db,  Google 


i(,2  VOI.ATILE    OILS. 

iclda  an  cs  eiit  il  oil  Irom  whii,h  crystals  art,  iIsposiLd  it  i  low 
iLzupei  itmo,  kaiicg  the  tompoaition,  CmH  O3  Treated  with 
I  I  ects,  it  firms  a  stnea  of  compounds  known  as  tha  anisic 
ELiu.3  Among  tbeoi  ire  anmc  (w-ic?,  C  sH,06,H0,  which,  with 
«  np  lad  methylio  alcohols,  jieHa  ethers,  and  ainsLnt,  CnH. 

LI  e«e  lustain  the  aame  relalion  to  each  oth  r,  ami  to  the  oil,  a= 
r  I  mmon  suatims  to  cmnimic  acid  and  the  oil  of  01 


646  Oil  of  Cumin,  ohtnined  by  dishlliag  with  watei  the 
•iLLia  of  the  mmntum  cymmv-m,  treited  la  a.  eimihr  manner 
nith  reagents,  forms  a  series  of  compounds,  analogous  to  the 
iloye  Another  senco,  called  the  eugenu.  series,  is  formed  from 
the  oil  of  doses  01  oil  of  pimento 

647,  Oil  of  Peppermint,  CjoHjaO,,  is  contained  in  the  leaves 
and  stem  of  the  plant,  from  which  it  is  separated  by  distillation 
with  water.  This  oil  is  used  in  large  quantities  by  confectioners; 
and  in  some  of  the  western  states  the  plant  is  extensively  cul- 
tivated, to  be  distilled  for  the  oil.  Dissolved  in  alcohol,  it  forms 
the  well-known  essence  0/  jieppermint.  This  is  the  general 
ni(.thod  of  preparing  what  are  called  eshcnces 

Oil  of  j-eipermmt  is  1  quid  at  oidmiiy  temperatures  but 
when  cooled  gradially  itdeposites  1  white  crjstiliue '^e  pt  n 
(027),  resembling  can  ph  r,  which  has  the  san  e  Lompo  it  n  ds 
tl  e  oil 


Mjihiiiefted  Tolatl    Oh 

848.  Oil  of  BUck  Mnfltard,  Csir.NSj.— This  oil  does  not  eiisl,  113  snch, 
in  tbe  need,  bnt  is  farmed  from  But>3taiiosa  oontained  in  tbem,  after  the 
fiiel  oil  bos  been  espreaaed,  as  in  the  case  of  bitter  nlmond  oil.  The 
active  substanooa  in  the  mustaxd-saBiI,  prodnoing  the  oil  wlien  the 
bniisocl  seed  ia  digested  with  water,  are  called  mj/rosine  and  myronic  aciil, 
both  of  whioh  have  been  isolated;  bnt  their  composition  has  not  been 
dotermined. 

Oil  of  mnstard  is  a  oolorlBss  liquid,  boiling  at  208°,  and  forming  a  most 
pungent,  ijritating  vapor,  Ti-eated  with  rengenta,  it  forijis  several  other 
oomponnda. 

Que  STICKS.— 646,  From  wliat  is  oil  of  cumin  obtained?  G'17.  Do- 
scribe  oil  of  peppermint.  CIS.  What  is  iho  composition  of  oH  of  black 
mustai'd ! 
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649.  Oil  of  GarliOj  CjIIjS.— This  oil  is  procurad  by  distilling  garlio  yiiih 
Hater,  and  rsiiistillmg  the  product  first  obtained  in  a  salt-water  bath, 
nnd  then  rectifying  it  with  potassium.  It  is  a  colorless  liquid,  lighter 
thrtu  water,  and  of  an  offensiTe  odor.  It  has  been  called  sulphide  of  alyl, 
being  composed  of  Eulphar  and  tlie  oarbo-hjdrogen,  CjH,,  called  a/yi. 

CampJiors. 

650  Tbe  cinipliois  are  allied  bith  to  the  e  sentml  oila  and  to 
fhe  ipBias  There  is  a  large  numler  of  them,  if  we  loolude  tbe 
ftparoptens  (0^37)  deposited  at  low  femperUuies  fiom  theioli 
nlo  oils,  but  only  oomraon  or  Japan  cimphor,  •inl  Borneo 
p'iraplior,  with  a  few  of  the  compounds  formed  lium  tliem,  will 
be  here  leacribed 

651  Common,  or  Japan  Camphor,  C^ll  aO„  — Tbis  substaDi,e, 
which  s  alwijs  seen  is  a  whit«  irjstaliiie  solid,  is  ohtaioed  by 
distilhn^  with  watei  th  roots 
and  wood  of  the  lav>Ui  cam- 
phoia,  %  tree  found  in  the 
island  of  Japan,  a.nd  other  parts 
of  the  B  iBt  (see  figuie)  It  la 
a  little  lighter  than  water,  and  . 
IS  readily  soluble  in  alcohol, 
and  ether,  and  every  Tatiely  of 
ardent  sfirits  Water  dissolves 
ibout  one  thouaindth  of  its 
weight,  whioh  IS  suffifitut  to 
tovumuaio  ite  to  it  something 
oE  its  peculiar,  pungent,  but 
igreeable  odor  At  347°  the 
s(lid  melts,  and  at  410"  it 
hoils  Id  the  open  an,  at  ordi-  Lai  ma  Compioi 
nary  temperatures,  it  graduilly  evaporates  When  s 
of  it  ^re  contiined  in  a  oloso  gla=3  vessel,  of  somewhat  laiger 
eipicity  fh  in  is  merely  sufEcient  to  receivt  it,  the  vapor  that  forms 
IS  giaduilly  condensed  in  small  crj'jfils  upon  the  sides  of  the 


QUE^T 


■NS  —1/43   What  m  the 
the  camphors  allied'     b5I     from 
Dsaonbe  its  propeitiLS 


m  of  nil  of  gdi'lio 
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glass;  and  if  tlio  vessel  stand  in  a  plyte  so  that  the  light  can  fall 
only  on  ooe  side,  the  chief  deposition  will  he  on  the  side  exposed 
to  the  light. 

When  suhjected  to  the  action  of  chlorine,  a  part  of  the  hydrogen 
of  the  camphor  is  replaced  by  chlorine,  forming  chhrinated  cam- 
phor, Oa,H„0)aOj. 

By  the  action  of  heated  nitric  acid  upon  camphor,  camphoric 
acid,  OjoHieOs  =  Ca,Hn06,2HO,  is  formed,  which  is  bibasic,  and 
forms  with  alcohol  a  coupled  acid  (609)  and  a  compound  ether. 
]3y  the  action  of  a  mixture  of  potassa  and  lime,  at  an  elevated 
temperature,  upon  vapor  of  camphor,  another  acid  is  formed,  called 
the  campholic  acid  the  composition  of  which  is  T  H  0  HO 

0  H 
B  C  mpli  — 


Ooumai-ine. 

aea*  Bj  this  name  a  crjsfalme,  odoriferona  BnbEtance  is  linown,  ivhioh 
is  eKtraeted  from  tlie  Torika  bean,  but  is  also  ooiitained  ia  eeveval  pliiits, 
B.S  the  sweet  yerniil  grass  (anikoxanthum  odoraium).  It  is  procured  by 
digasting  the  bruised  beons  in  etrong  aloohol,  which  dissolves  iiie  odori- 
ferous principle.     Coumarine  is  the  bams  ef  die  perfume  called  vanilla. 

By  the  action  of  reagents  it  forms  eowaarie  add,  CijH-O^HO. 

Questions. — What  effect  is  prodaoeil  when  oommon  camphor  is  sub- 
jtoted  to  the  action  of  chlorine?  How  is  camphoric  add  formed' 
Wliat  is    said   of  Borneo    camphor?       652.    From   wliit  is    ooumai-ino 

obtaiuod!    In.  what  perfume  ia  it  used  't 
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653.  Tie  fixtd  oih  are  ^o  called  because,  unlike  ITie  eaacntnl 
ov  volatile  oils,  thej  are  incapable  of  beiUj,  volatilized  without 
change;  coDscjueDtly  nhen  spread  upon  paper  they  produce  i 
permanent  stain  The  fats  ire  essentially  the  sime  13  the  0  N 
except  that  they  ire  uivaally  &0I  d  at  ordinary  temperatures,  while 
the  oils  are  "eneially  lipid      But  the  distinction  is  umoiportant 

Fatty  substances — 1  phmae  which  nny  include  holh  the  fix  d 
oils  and  fats — art,  found  both  in  the  animal  anj  vegetable  Iring 
doms;  and  their  ultimate  elemeuts  aie  alwajs  carbon  hjdiogei 
and  oxygen 

The  fatty  substance  of  ^  plant  is  usually  found  in  the  "eeds    r 
pericarp,  oocas   uallj  upcn  the  Buifi(.e  of  the  ieaves  01  bail 
When  contained  in  the  seed  or  penc  rp  it  exists  in  peeuliai  cell 
wh*  hq        thlk     bfeiE  cin  be  separated  ■  and  usually 


retained.  By  heating  a  drying  oil  naarfy  to  the  point  at  irMcli  deooin- 
positdon  l)e(^aa  to  talta  place,  the  tendency  to  absorb  oiygea  is  incroiisod. 
Tills  effect  ia  still  greater  if,  before  heating,  some  highly  oxydized  body, 
as  oxide  of  leal  or  manganese,  ia  mixed  irith  the  oil. 

Unctuous  oih  are  auoh  Ba  do  not  absorb  osjgen  from  tlie  air,  or  do  it 
bat  eloirly.  Rancidity  in  oils  is  nsniilly  occasioned  by  tho  nbaoi'ptioii 
of  oxygen.  Some  oils,  lyhile  tJiey  absorb  oiygou  aiso  gita  off  carbonic 
acid  or  hydrogen, 

654,  Proximate  Principies  of  the  Fats.  —  All  the  fats  and 
iistid  oils  are  composed  of  several  proximate  principles,  which 

QuES'iioss.— ^53.  Why  are  the  Used  oils  so  called!  Are  they  found 
boti  in  animal  and  vegetablo  bodies  ?  In  what  part  of  tlie  plant  are  tlicy 
nsnally  fonnd  ?  rWhat  are  siccative,  or  drying  oils?  ■  What  Fu-e  luictuonif 
oils !    <i5i.  V/hat  arc  the  oMcf  proximate  principles  of  the  fats? 


H.,t.db,  Google 


456  FIXED    OILS    AND    FATS. 

are  visually  combined  in  definite  proportions.  The  moat  ci 
of  these  are  glycerine,  Btearvne,  margwrine,  and  oleiiie,  of  which 
nearly  all  the  animal  fats  and  oils  are  almost  wholly  composed. 
In  several  fatly  aubstances,  as  butter,  we  find,  ia  addition,  small 
quantiiies  of  other  proximate  principles,  as  hutyrine,  caprine,  and 
caproine.  In  some  instances  still  other  pnnoiples  are  found, 
wbich  will  be  described  in  thoir  proper  places. 

The  proportion  of  stearine,  margarine,  and  oleine  in  the  dif- 
ferent fata  is  exceedingly  variable,  and  occasionally  one  or  another 
of  them  may  be  wanting ;  in  tlie  more  solid  fats  stearine  and  mar- 
garine are  more  abundant,  while  oleine  is  the  chief  conaiituent 
of  the  oils  and  more  fusible  fata.  All  of  them  contain  glycerine 
except  spermaceti,  in  which,  instead  of  this  principle,  another 
peculiar  compound  ia  found,  called  ethalf  a  substance  in  com- 
position allied  to  the  alcohols. 

The  fats  and  fissd  oils  generally  are  capable  of  combining  with  tlio 
oansljc  Oilkaliea  to  form  soeps,  and  are  tlierefore  Baid  to  be  tdponifiahU. 
The  process  cousiEla  in  digesting  the  fatty  substance  with  a  solntion  of  a 
fixed  alkali,  aa  potassa,  or  soda,  when  the  stearine,  mnrgarino,  oleine,  &c., 
disappear,  and  oorresponding  acids,  called  atearie,  maTgaric,  oleic,  &c.,  aeidn, 
are  formed,  which  miite  mth  the  alkali,  glycerine  being  at  the  same  time 
set 'free. 

These  acids  probably  do  not  exist  ns  Buch  in  tlie  fats,  or  even  in  tlie 
proximate  prinoiples  from  whicii  iliey  are  derivad,  but  are  formed  dunng 
the  prooaas  of  saponifieation,  as  will  appear  more  clearly  hereafter.  The 
presence  of  water  is  neoossary  to  the  process,  a  small  portion  of  it,  as 
we  ihall  see   being  rerjuired  to  proiluoo  the  compounds  formed 


655    CI               f  HO  =CHOHO  I    by 

S 1     1         1     11  d    h                 p       pi      f  f  I        best 

bta          by  b    1    g  f                                            f    q  1  p    ts  of 

1          lldflldffd            tefii  h    liquid 

hh                        dhptghh  f  sal- 

pb          dhy!    g      to     p     te    U   b    1    d      I      1  eated 

foi  a  few  moments  to  the  boiling  pDint,  and  all  the  water  care- 
fully evaporated  in  a  vacuum. 

(JuESTlOMS. — In  what  fats  do  stearine  and  mai-garine  nsuallj  abound  J 
In  what  is  oleine  the  chief  oonstitaent!  What  is  aaid  of  spei-maoeti ! 
What  is  meant  by  the  saponification  of  a  fat?  What  are  formed  in  tlie 
process  of  saponification  ?    655.  How  is  gljoerino  obtained? 
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Aa  tLus  prepared,  glycerine  is  an  oily  liquid,  very  soluble  in 
water  and  aloohol,  but  insoluble  in  ether ;  quite  iooiiorous,  but 
having  a  sweet  taste.  Its  spocifio  gravity  ia  about  127,  Its 
name  is  derived  from  the  Greek,  (fln/etis,  sweet,  in  allusion  to  its 
taste. 

With  sulphuric  and  phosphoric  acid  it  forms  coupled  acids  (COT) 
similar  to  those  formed  bj  these  acids  with  the  alcohols,  which  are 
called  respectively  the  sulpJwgli/ceric  and  tht  pitospliogli/ceric  anvh. 

Qlycarine  is  not  volatjla,  but  is  deoomposed  when  iieatod,  yielding  a 
pecnliar,  acrid  volatile  principle,  called  acrokine,  CjH^Oj.  It  is  tliis  sub- 
Btaaca  whioh  oonstitnteB  the  tuuid,  irritating  fames  always  porceiTed 
frhen  any  ibtty  substanca  is  deoomposed  by  heat,  in  Each  circumstancea 
tbut  the  product  of  t^e  deoompi^ilion  cannot  be  immediately  cousuiaed. 
as  in  the  manufacture  of  gas  from  oil. 

Stearine  an  ?  Sf  a} 'c  A'h? 

6S6.  Stearlne,  0,«H„„O,a.  —  Steanne  (Gieek,  sUar,  tallow) 
forms  the  chief  constituent  ot  tallow,  and  is  a  white  crystajine 
solid,  much  resembling  spermaceti  It  esists  in  nearly  all  fats, 
and  in  many  of  the  oils,  both  animal  and  vegetable ;  and  is  found 
ingreaterproportionaafhepoint  of  congelation  of  the  fat  or  oil  is 
more  elevated.  The  best  method  to  obtain  it  is  to  heat  moderately 
some  mutton  auet  with  S  or  10  times  its  volume  of  camphene,  in 
which  it  will  be  dissolved;  and,  on  cooling,  the  steariae  will  be 
deposited  in  white  pearly  crystals.  These  are  entirely  insolublo 
in  water,  and  melt  at  140°. 

Stearino,  by  saponification  with  potash,  forms  stearate  of  potash, 
and  hydrated  glycerine  ia  aet  free ;  and  the  stearate,  by  subse- 
quent decomposition  by  a  mineral  acid,  yields  Uearic  acid, 
CeaH^O,  =  C8sH£s05,2HO,  which  ia  obtained  as  a  wliite,  crya- 
taline  solid. 

Stearic  acid  is  the  substance  of  which  "  atearine"  and  "ada- 
mantine" candies  are  formed ;  and  therefore  constitutes  an  im- 
portant article  of  commerce.  It  melts  at  107°,  and  solidifies  at 
about  158°. 

Questions. — Describe  Ilia  properties  cf  glycerine.  What  is  acrolcine ! 
658.  What  is  the  derivation  of  the  wo.-d  stearina?  Prom  what  iB  tjiis 
subsfnnce  obtained?    How  is  stearic  aoid  formed  1     Describe  It.     What 
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657.  Stearic  mii  for  tlio  mitniifiicture  of  cnnclles  is  preptircd  Ijy  ttra 
different  processes.  One  metJioii  is  to  tligBst  tbe  natural  fat,  as  tallow, 
with  lime-wator,  Mded  by  beat,  by  whicli  an  insolubla  lima-soap  is  fonnetl : 
and  tbis  is  then  deEomposed  by  dilute  snlphuric  acid,  the  lime  of  oonrse 
ftll  being  separated,  aa  a  snlphate.  The  fatty  adds  now  rising  to  the  top 
UTO  \Ta^Gct  to  separate  the  glycerine,  and  oompressed  to  remove  tlie  oltac 
and  most  of  the  margftrio  acids ;  and  fiie  oalteu  of  nearly  pure  steario  aoid 
are  ready  for  use. 

By  the  other  mode  dilute  sulphnrio  acid  ie  used,  by  wMct  nearly  the 
same  effect  la  producoci,  tliis  acid  combining  witli  the  glyoerlne  to  form 
snlptoglyoerio  add  (655),  ■whioli  is  waehed  away  with  the  water.  The 
faitj  acids  now  obtained  are  dislillod,  at  a  high  temperature,  in  an  appa- 
ratus in  which  a  partial  vaeunm  is  Itept  up,  and  through  which  a  current 
of  steam  is  continually  passing.  By  pressure  most  of  the  oleic  acid  is 
now  separated,  and  the  mixed  steario  and  margarie  acids  obtained. 

The  composition  of  staarine  corresponds  to  2  equiTalents  of  anhydrous 
stearic  aoid,  and  1  eqalralent  of  hydrated  glycerine.     Thus, 

Cn2ll,„0„  =  2(CB8li8aOj)  -I-  CgHjOsHO, 

658.  Stearic  ether  is  formed  by  treating  wine  alcohol  with  stearic  acid, 
and  passing  through  the  solution  a  onn'ent  of  hydrooblorio  aoid ;  and  by 
a  ffimilar  process  with  mathjiio  alcohol  sleark  melkylie  eiher  is  formed 
JBoth  are  solid  at  temperatures  below  about  85°  or  SO", 

Margarine  and  Manjaric  Acid. 

gS9.  Marganne  and  ruargoTic  add  hare  (Jie  same  composition,  reepeodVely, 
as  Btearine  and  stearic  acid,  of  which  they  are  isomeric  modifioations.  The 
melting  point  of  margarine  is  118°,  and  that  of  margario  acid  140°. 

irly  aahstance,  formed  by 
loid  and  1  part  of  lime. 

following  equation  illustrates  the  chemical  oiianges  produced  in  the  acitl 

to  foiTU  the  margai'one : 

CegircBOB4-2CaO  =  CB5neB02  4-2CaO,COj+2IIO. 
Oleine  and  Okie  Acid. 

661.  Oleiite  is  the  otief  ingredient  of  most  of  ihe  fixed  oils, 
and  is  found  also  in  many  of  tie  fata.  It  is  difficult  to  obtain  it 
pure,  and  therefore  Its  formula  cannot  be  given  with  certainly. 


06].  What  is  said  of  oleine? 


65ft.    What  is  Bail  of  the  relation  of  margarine  and  mai^ario  acid  to 
Btearine  and  ateaiio  aoid  respectiTcly !      080.    What   is  inargaroiio ' 
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It  is  best  prepared  from  olive  oil.  Oleine  is  a  yellowisli  liquid, 
of  au  oily  oonaistenoy,  which  requires  a  temperature  of  about  zero 
for  coo  gelation. 

Oleic  acid,  OssHkOjjHO,  is  an  oily  liquid,  baving  a  density 
of  about  0*808,  and  solidifies  at  about  32".  It  is  formed  by 
saponification  of  oleine,  and  subsequent  deoompositioii  of  tbe  soap 
»y  hydrochloric  acid. 

By  diatiUatiou  in  olose  vessala  oleio  aoid  forms  Mianc  acid,  CioHjOjiIHI ; 
nLicli,  distilled  with  alaohol  and  hydrocMoria  acid,  forms  sebacia  ether. 

Action  of  Nitric  Acid  upon  the  Fatty  Adds. 

662.  Nitric  acid  acts  energetically  upon  th  f  y  a  d  p 
duciug  a  variety  of  other  acids,  some  of  which  a  1  1  and 
others  fixed  at  moderate  temperatures.  The  f  m  be 
formi/:,  acclio,  prc^ylio  or  acetonic,  butyric,  vol  a  aj 
wenanih^lic,  caprylic,  pelargonic,  and  capric  a  I  all  f  wh  h 
are  homologous,  and  have  the  general  formula,  O^^Ha^O,  = 
0,„Hi,„_,03,H0. 

At  the  same  time  the  following  non-voJatile  acids  are  formed, 
and  may  be  separated  by  the  proper  means,  viz.,  the  succinic, 
adi'pio,  pimelic,  suberic,  and  seJiacic.  These  also  are  homologous, 
and  have  tbe  general  formula,  Cs,.H2{^„0s  =  C6,Hj,„_i,0e,2H0. 

Iilost  of  these  acids,  it  will  be  obaeryed,  are  also  obtained  from 
other  sources.  The  pdargonic  is  obtained  from  the  rose-gei-anium 
(pelari/onium  roseum),  the  succinic,  frooi  amber  (Latin,  suc- 
cinum,\  and  the  suheric,  from  cork,  which  is  the  prepared  bark 
of  the  quercus  saber. 

Other  Proximale  Principles   of  the   Fats,  as   Buti/rinc,  I'uS- 
matina,  d)c. 

663.  Butter  contains  several  proximate  principles,  besides  those 
above  described,  as  butyrine,  caprine,  and  caproine,  but  it  is 
difficult  to  separate  tbem. 

By  digesting  butter  with  an  alkali,  decomposing  the  compound 
formed  by  tartaric  acid,  and  distilling,  buiyrie  acid,  CsHb04  = 

Qbestionb, — Deaoribo  oleic  acid.  662.  "What  is  said  of  the  aotluH  ol 
nitric  acid  upon  the  fatty  acida?  603.  What  is  said  of  batior?  How  ia 
butjrio  aciil  obUiuad! 
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OaI-I,08,HO,  is  obtained,  mixed  with  otbev  STibstaoooa,  from 
which  it  ia  easily  separated. 

Butyric  acid  may  also  be  formed  from  sugar,  by  mixing  with  a 
solution  of  it  it  little  cnrda  of  milk  and  powdered  ebalk,  and  allow- 
iog  it  to  stand  for  a  time  in  a  place  where  it  shall  be  kept  at  a 
temperature  of  about  90°.  A  peculiar  fermentation  takes  place, 
called  the  buti/ric  fermenlation,  and  the  butyric  acid,  as  it  forms, 
combines  with  the  lirae,  and  forma  butyrate  of  lime,  which  is 
decomposed  by  hydrochloric  acid,  and  the  butyric  acid  separated 
by  oarefal  distillation. 

Butyric  acid  ia  liquid  at  ordinary  temperatures,  and  boils  at 
about  327°.  Its  density  is  about  0-963,  and  it  is  soluble  in  both 
water  and  alcohol. 

With  alcohol  and  sulphwio  acid  butyric  acid  forms  hufp-ic 
etha;  C4H60,CaH,03.  This  suhstanee,  dissolved  in  5  or  6  times 
its  volume  of  alcohol,  forms  pine-apjile  oil,  which  is  used  by  con- 
fectionera  for  its  pine-apple  flavor. 

Batyrone,  C,HJ),  and  tiio  compound,  CsHaOj,  somefjmes  oaBed  hali/ral, 
are  forraeil  by  diatilling  butjrnta  of  liino,  Bntyml  Is  tlie  proper  alile- 
liyde  (547)  of  butyric  acid,  nnd  may  bo  called  lutyric  aldehyde. 

Capraic,  eaprylic,  and  cnprie  acids,  ore  also  obtained  from  Uio  dooom- 
poeition  of  butter.     Eaoh  of  them  forma  a  vinin  and  a  metbjlic  etiier. 

664  Castoroi7(olhtainedfrom  the  plant  called  ricmjfscommMnis) 
by  aaponifioation  forms  ridnoletc  acid,  OasHaaOa  =  CjsHbOsiHO  j 
and  this  acid,  distilled  with  solution  of  potaasa,  yields  the  com- 
pound, CtaHipOa,  which  is  evidently  homologoua  with  the  alcohols, 
and  has  bee^  placed  in  our  list  (547)  as  ca.pri/Uc  alcohol. 

Fahaaiij'e,  and  palmilk  acid,  C5^Hj,03=  CBiH8205,2fIO,  are  obtained 
ft'ojH  pnlrj.  oil,  wliioli  is  imported  IsrgB])'  into  tiis  oountry  from  tlie  const 
of  Africa,  and  used  in  the  raauufaotui'o  of  soap. 

665.  SJ  en  Mce  — called  also  cet  e  when  pure —  s  a  boaut  fal 
white  substance  found  m  xe  1  w  th  o  1  n  cavit  es  of  the  heads  of 
certain  spec  ea  of  whole's  The  o  1  s  le]  a  ated  fr  ra  t  by  pres- 
sure ;  an]  tie  hard    wh  te    c  j«tal  ne  &ul  stance  tl  is  obta  ned 

QoEaims  — How  may  bu  yi  ae  d  be  formed  f  m  a  j,  ?  De  ■ibe 
its  pvoptrtiea.  How  is  liutyno  ether  formod  ;  Whntisbutyrone?  Whnt 
is  eaid  of  butyric  aldehyde!  664.  How  is  caprylie  alcohol  rrocired  ? 
C65,  What  is  otlial  ?    From  what  is  it  obtained  f 
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melts  at  iitwut  120°,  and  may  be  Kubliiued  unchanged,  in  close 
vesaels,  at  about  680°. 

Spermaceti  coutaixw  no  glyoeriaa;  but  in  its  place  a  peculiar 
principle  called  efhal,  CaiHjjOa,  is  found,  which  may  bo  separated 
as  a  colorless,  crystaline  solid. 

Ethal,  in  many  of  its  properties,  as  has  been  stated,  closely 
resembles  the  alcohols;  and  various  bodies  are  derived  from  it 
eimilar  to  those  derived  from  the  alcohols.  Thus,  when  treated 
with  sulphuric  acid,  it  forms  a  coupled  acid,  called  the  sidpJiethalic 
«c/<?,  whioh  corresponds  to  the  sulphovinic  acid;  and,  distilled 
with  perchloride  of  phosphorus,  it  yields  a  liquid  ether,  CjaHjjCl, 
corresponding  exactly  with  the  hydrochloric  ether,  CjHbCI,  pre- 
viously described. 

This  subsfeuiCB  yielcls  an  noid,  called  tlio  eikaHe,  CjjHjjOj^CsjFsiOjJIO, 

666.  Wax, — Many  substances,  mostly  of  vegetable  origin,  ara 
known  as  was,  of  which  bees'-v>ax  is  the  proper  type.  This,  as 
is  well  known,  is  obtained  from  hone\  cr mb,  by  heating  it  with 
water;  the  wax  melts  and  swims  upon  the  surface,  while  the 
impui'ities  it  contains  are  dissolved  in  the  water,  or  settle  to  the 
bottom.  It  appears  to  be  a  compound  of  two  principles,  ceritie 
and  myrkine,  which  may  be  sopaiated  by  boiling  alcohol.  Com- 
mon bees'- wax  is  of  a  yellow  color,  but  is  whitened  by  exposing 
it  in  thin  layera  to  the  action  of  the  atmosphere  and  of  light. 

Bai/heiTy  tallow,  or  myrtle  wax,  is  a  fat  obtaiaed  from  the 
fruit  of  the  common  bayberry  (myi  hm  cerijera).  It  is  obtained 
fiom  the  berries  by  steeping  them  m  hut  wat«r,  and  is  found  in 
other  vegetables.  Its  composition  is  essentially  the  same  as  com- 
mon tallow,  but  it  contains  other  principles  in  small  quantity^ 
among  which  is  myrioiue.  It  melts  at  117°,  but  is  very  hard 
when  cold,  and  may  be  formed  into  candles. 

667.  Myricine,  OsiH^Oj,  subjected  to  the  action  of  a  boiling 
alkaline  solution,  is  converted  into  palmitic  acid,  Cs^tl^O,,  and 

QuBSTioHB. — What  is  Sftid  of  the  properties  of  ethal  ?    666.  From  n-liat 

is  beoa'-was  obtained!    Wbat  two  priuoiples  arc  iiieutioneil  aa  contained 

"  ■     ""  -    ■   ■  ■■  ired?    What  use  ia  made  of  itt 
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a  compound  called  mdhdne,  OmHoiO  wli  oL,  being  ^imlogjus  in 
composition  to  the  alcohols,  may  be  called  jnc?t'S!c  alcohol. 
Treated  witli  potassa  or  lime,  melissic  aloobol  fbniis  wltssir  acid, 
CwHeoO,  =  C«,H^03,H0  (547). 

Oerotine,  C^H^Oj,  and  cerotic  acid,  C„H^O,  =  C^HsaOa,HO, 
are  otKer  compounds  obtained  from  wax.  The  former  substauci 
ID  eompositiou  ranks  with  the  alcohols,  and  mfij  be  called  ccrUi'' 
alcohol. 

Soaps  and  Platters. 

668.  Soaps. — Frequent  allusion  has  already  been  made  to  the 
action  of  the  alkalies  upon  the  fata  and  oils; — when  these  are 
boiled  together,  union  taltes  place  between  them,  and  a  well-known 
and  verj  important  substance  is  formed,  called  soap.  The  acids 
contained  in  the  fat  or  oil,  as  the  margaric,  stearic,  oleic,  &e., 
described  above,  combine  with  the  alkalies,  forming  proper  salts, 
which  exist  in  the  soap  together  with  other  substances. 

The  soaps  formed  by  potassa,  soda,  and  ammonia  only  are 
soluble  in  water.  Potash  soaps  are  generally  soft,  while  those 
made  with  soda  arc  hard ;  but  their  consistency  depends  also 
upon  the  nature  of  the  fat  used.  All  soaps  contain  a  large  pro- 
portion of  water  in  their  composition. 

Potash  or  soda  for  soap-making  should  bo  in  the  caustic  state, 
in  order  to  act  readily  upon  fatty  substances. 

Soft  soaps  are  made  entirely  of  potash  and  tallow  or  oil,  and 
often  other  animal  matters.  For  the  coarser  kinds,  very  impnre 
fiits  are  used,  without  even  separating  them  from  the  animal 
tissues  in  which  they  are  contained.  The  common  yellow  hard 
soaps  contain  a  portion  of  common  rosin. 

Toilet  soapa  are  often  perfumed  -with  the  essential  oil^. 

669.  The  mode  in  wiiioh  soaps  of  all  kinds  operate  to  produos  their  olenaa- 
ing  effects  is  easily  onderetood.  All  soaps  are  alwftjs  more  or  less  alltaline, 
3.9  the  alkivlies  oontaiaed  in  them  ure  not  entirely  neutralized  b;  the  oily 
aoids  with  which  they  are  combined;  they  are  tiierefore  ever  ready  to 
combine  with  move  fatly  or  oily  matter  -with  wMeh  they  may  come  in 
contact,  aa  that  constantly  given  off  in  the  insensible  perspiration  from 

Questions. — What  is  oerotio  alcohol!  668.  How  are  soaps  foimed? 
What  Eoaps  nre  soluble  in  water!  What  are  insolnble  ?  What  are  soft, 
and  what  haifl  soaps  ?    660.  Explain  the  action  of  soaps. 
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tlie  Bkin  Caustio  aJknli  always  hia  n  soapy  feeling  to  Uw  fingers,  from 
the  0  icumatanoB  tliat  it  attaolis  tha  cuticle,  and  forms  with,  it  a  aoapy 
oomponjid    at  the  tJime  time  absoibii  g  a  portion  of  water  from  IJio 

670  PlmtiTB  — The  lead  plaster  or  diaciylon,  TiSBii  in  snidery,  is  a  kind 
of  melalho  soap  wh  lIi  is  made  ty  boiling  oliva  oil  and  oxiije  of  lead 
together  with  a  little  water  The  oleio  and  margario  aoicls  contained  in 
the  oil  unite  with  tbe  oside  of  lead,  m  the  same  manner  as  thay  combine 
'With  the  alLalios  (oudes  of  potassium  and  sodium)  in  the  formation  of 
Boaps.-  There  are  two  kinds  of  diachylon,  the  yellow  and  tha  bi'oira 
tha  former  of  which  is  mode  with  litharge,  and  iie  latter  with,  red  lead ; 
bnt  their  properties  ara  essentially  the  same.  Both  are  quite  Lard  at 
otilinarj  temperatures,  but  melt  with  a  moderate  heat. 

EESiNOUS    SUBSTANCES.* 

671.  Resins  are  solid  substances  contained  in  many  plants  and 
trees,  usiially  in  a  state  of  solution  in  some  essential  oil.  When 
exposed  to  the  air  the  oil  evaporates,  and  the  solid  resin  ia  obtaiaed. 
By  friction  they  usually  become  negatively  electrical.  They  are 
all  insoluble  in  water,  but  most  of  them  are  soluble  in  alcohol, 
ether,  and  the  essential  oils. 

Most  of  them  act  as  weak  acids,  and  are  capable  of  combining 
trith  the  alkalies  and  other  metallic  ozides. 

Gommon  resin,  or  rmin  (Frencli,  coldphane),  is  obtained  from 
different  species  of  pine,  in  which  it  exists  combined  with  oil  of 
turpentine.  The  substance  called  turpentine  is  obtained  from 
the  trank  of  tlie  tree  by  incisions  made  in  it  while  growing;  and 
this,  by  distillation,  yields  the  oi!  of  turpentine,  the  resin  remaining 
behind  in  the  boiler. 

There  are,  in  commerce,  several  different  kinds  of  turpentine,  as 
Venice  turpenime,  Strasbourg  tiirpenline,  Gantida  ialsotn,  &c. 

When  the  tree  le  felled,  and  the  turpentine  extracted  by  heat,  it  is 
partially  decomposed,  and  acquires  a  dark  oolor,  and  an.  offensiTe  burnt 
odor,  and  ia  sailed  tar.  By  heating  tar,  so  aa  to  eipel  all  the  oil  of  tur- 
pentine contained  in  it,  the  common  ^jfcft  of  commerce  is  obtjuned. 

From  tha  different  turpentines,  by  the  action  of  reagents,  many  im- 
portant Bubetanees  may  be  formed,  as  the  pimaric,  silvk,  acd  pinie  adds. 

672.  Lac,  or  (/tim  lac,  as  it  is  often  called,  is  proonred  from  a 
species  of  tree  called  Jicus,  by  punoturea  made  in  the  bark  by 

QuESTroNa.— 670.  How  is  lead-jilasie 
are  resins!  What  is  common  resin 
673.  From  whatistoprocui-ed? 
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insects.  It  is  soluble  in  alcohol  and  heated  oil  of  turpentine,  but 
is  quite  .insoluble  in  water.  Its  composition  seems  to  be  quito 
complex,  theie  being  contained  in  tlio  common  lac  of  ci 
mixture  of  as  many  as  five  different  resins. 
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softened,  though    o  d      i    d,  by 
complete  solution  is  effected  by  carefully  fusing  it,  and  then  treating 
it  with  boiling  alcohol  or  oil  of  turpentine. 

Copal  vamiBh  is  made  liy  fusing  tlie  resin  in  a  deep  copper  vcesel,  to 
prevent  it  from  ifjniting,  and  then  pounng  in  hot  linseed  oil,  and  oil 
of  tnrpantine,  to  give  tlie  proper  consistency. 

Maslm  and  sandarac  are  other  i-eeins  used  in  tbe  propaj-atioii  of 
varmshea. 

673.  Amber  (electron  of  the  ancient  Greeks,  and  succimom 
of  the  Komans,)  is  always  found  as  a  fossil,  but  it  appears  to  be 
the  resin  of  some  ancient  tree  that  has  become  extinct.  It  is 
found  on  tho  shores  of  the  Baltic  sea,  on  the  Yorkshire  coast 
of  England,  and  in  some  of  the  United  States,  as  in  New  Jersey. 

It  is  found  in  masses  seldom  weighing  more  than  a  lew 
and  in  small  grains.  Ifa  color  is  iisualiy  some  shade  of  _ 
often  inclining  to  red.  It  has  a  specific  gravity  of  1-07  to  1-09, 
and  is  insoluble  in  water,  and  is  acted  on  but  slightly  by  alcohol, 
ether,  or  the  oils. 

It  is  capable  of  beinj 
into  ornamenta  of  vari 
of  vimiahes. 


674.  Cooufr:^?iw.— Thissubstan 
ir  Ivdia-ruhhm;  is  prepared  from 


ei  ff  urn  elastic , 
which  exudes 


QtTiiSTioNS. — What  nse  is  made  of  lacf    From  what  is  copal  procuvedl 
What  use  is  made  of  it?    678.  Whci'o  is  amber  found?     G.' 
of  it.     67i.  From  what  is  gum  olastio  obtainedl 
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IVuiii  ijertaiD  irets,  as  ihejious  elastina,  wlitn  moiiions  arc  nnde 
in  them.  The  white  milliy  juice  which  eludes  is  received  on 
masses  of  clay,  and  dried  by  esposuro  to  tho  heat  and  smoLe 
of  fires  kindled  for  the  purpose. 

As  usually  seen,  oaoutobouo  is  a  solid  of  a  dark  color,  and 
Bpecifio  gravity  a  little  leas  than  water.  At  32°,  and  lower  tem- 
peratures, it  is  very  hard,  and  has  little  elasticity;  but  at  60°  or 
70°,  it  is  exoeedingly  flexible  and  elastic.  It  is  quite  insoluble 
in  water,  and  alcohol,  but  dissolves  slightly  in  pure  ether  and 
some  of  the  essential  oils.  Chloroform  dissolves  it  readily,  as 
does  also  a  solution  of  sulphur  in  oil  of  turpentine. 

By  dietillfttion  it  yields  seyeral  poauliar  produota. 

Vulcaniied  Lidia-mbber  is  formed  by  heating  caoutcliono  with  a 
portion  of  snlphur,  wiiioli  booomes  inaorporated  with  it,  inoreaaea  ita 
oliiatioity,  nnd  renders  it  leas  liable  to  be  affected  by  oliaJigoa  of  tom- 
peratm'e.     It  ia  used  for  many  important  pnrposea. 

675.  Gutfa  J'ei-cha  is  a  substance,  in  many  of  ita  properties, 
closely  resembling  the  preceding;  it  is  prepared  in  the  same  way 
from  the  milky  juice  of  a  tree  found  only  in  tropical  climates. 

Like  India-rubber,  it  is  quite  insoluble  in  water  and  alcohol, 
but  is  dissolved  in  small  quantities  by  pure  ether  and  some  of  the 
essential  oils,  and  more  largely  by  chloroform  and  sulphide  of 
carbon.     Ita  specific  gravity  ia  about  0-97. 

6utta  percha  is  less  elastic  than  caoutchouc,  and  at  ordinary 
temperatures  is  quite  hard,  but  becomes  soft  at  200°  to  212°, 
and  may  be  formed  into  any  desired  shape.  It  is  becoming  of 
considerable  importance  in  the  arts. 

VEGETABLE  A  f!  I  tl  S  NOT  INCLUDED  IX  THE  PRE- 


676  These  acids  lie  all  found  leidyf  rmi-d  in  plants  a  ur 
oumstanee  in  which  tbry  dffer  frim  moat  of  tho  e  heretofore 
descnbed  Sometimes  they  occur  in  ■»  fiee  "itate,  but  ^(.ncrally 
they  are  found  in  combination  with  ba'Jes 

QuLSTlOKS  — De'ici  ba  tlio  j  ropertie'  of  gum  elastin  How  la  i  | 
caaized  Indi.i-rubber  prepao-od  ?  6jS.  From  wfcut  is  gutta  peroba  ob- 
tained ?    Descvibe  it.     676,  What  is  said  of  the  acids  of  this  group  ? 
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'tiiU  VEGETABLE    ACIDS. 

677,  Oxalic  Aeifl,  C,EA  =  0,Os,2HO.— Osalia  acid,  iu  com- 
binatinn  with  bases,  is  found  in  many  plants,  especially  in  ccrtaia 
speoioa  of  the  sorrel  (oxalis),  und  also  in  certain  mioerala.  It 
inny  likewise  be  prepared  artificially,  by  digesting  starcb,  or  sugar, 
witli  nitric  aeid,  and  by  other  prooessea. 

To  prepare  it  artificially,  add,  in  suocessiva  portions,  24  parta 
of  starch  to  144  of  nitric  acid  of  coramerca,  diluted  with  10  parts 
of  water,  and  beat  gently  till  the  nitrous  vapors  oease.  ■yVben 
the  action  is  over,  set  the  whole  aside  to  erystalize. 

Pure  oxalic  acid  is  a  crystaline  solid,  in  external  appearance 
not  unlike  Epsom  salt,  for  which  it  has  sometimes  been  taistaken. 
It  is  very  soluble  ia  water,  exceedingly  sour  to  the  taste,  and 
pnisimous.     Its  cotupositioQ  in  crystals  Is  CiHsOj  +  2H0. 

678.  Salts  of  Oxalic  Aeid. — Oxalic  aoid  is  bihasio,  and,  as  in 
tlie  case  of  other  bibasic  acids,  both  equivalents  of  its  basic  water 
may  be  replaced  at  the  same  time  by  a  fixed  base,  or  only  one 
of  tbem,  producing  the-  two  series  of  salts  of  the  forms  2CR0)C,0e 
and  ROjC^OafHO  J — KO  being  used  to  indicate  any  base, 

879,  Oxalate  of  lime,  2Ca.O,CjOj,  ia  fonnd  in  many  plants,  in  flie  oells 
of  mMoh  it  may  often  be  detected  in  small  crystals  by  tbe  miorosBopB. 
Tlie  orjstale  wbeQ  thas  found,  or  if  formed  by  other  means,  always  con- 
tiiin  2  equivalents  of  water  of  Erystalization.  It  is  very  insoluble.  Witii 
potnsh  it  forma  three  salta,  called  tha  tieulral  oxalate-,  2K0,Cj05,  the 
binoxalate,  EO.C^Og.HO,  and  the  quadroxalate,  tie  latter  containing  twice 
IIS  mneh  aoid  as  tUe  nest  preceding.  The  binoxalate  is  often  used  in 
^ilntion  to  remove  stains  of  iron-ruEt,  under  the  name  of  saU  of  sorreL 

Oiaiic  aoid  forms  with  the  aloohols,  both  coupled  acids  (609)  and  com- 
pound ethers. 

680.  Tartaric  Acid,  C3iT60,s  =  GsH4O„,2HO.— Tartaric  acid, 
in  combination  with  potash,  exists  in  many  fruits,  especially  in 
grapes  and  in  pine-apples.  When  the  expressed  juice  of  the 
grape  is  fermented,  as  in  the  manufacture  of  wine,  this  salt,  in 
an  impure  state,  is  ^precipitated  upon  the  inside  of  the  cask,  as 
argol,  or  taHar.  From  this  the  pure  aeid  is  obtained,  which  is 
a  white  solid,  very  soluble  in  water,  and  of  an  agreeable  acid 

QuBSTiOKS 677.  In  what  ia  oialio  aoid  found?     How  may  it  be  pre- 

piirod  nrtifioiaUy!  Desoribo  its  properliee.  678.  What  is  said  of  the 
talla  of  oxalic  aoid!  679.  Iu  what  is  oxalate  of  lime  found?  QgO,  Li 
Rh^t  is  tartaric  acid  found? 
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Tartaiic  acid  is  bibasio,  and  foiins  two  series  of  salts,  according 
as  one  only  or  both  equivalents  of  its  basic  water  may  be  replaced 
by  the  base. 

Tliore  are  only  two  or  three  important  salts  of  tliia  a«id,  among  17111011 
the  acid  tartrate  of  potash,  or  cream  of  tartar,  tak03  tie  first  place,  ItM 
eonipositiOD  is  KO,CjH^O]|,,HO.  It  is  prepwed  entirely  from  (he  impui'o 
tartrate',  or  argot,  forming  the  setUiiiga  of  wine-oaskB  by  repeated  orj-a- 
talizations  and  filterings. 

By  salurating  a  solution  of  cream  of  tartar  with  soda,  or  carTionale 
of  soda,  a  double  tartrate  of  potash  and  soda  is  formed,  called  Rodidk 

681.  Tarlar-emetk  is  a  double  tartrate  of  potash,  and  oxide  of  antimony, 
which  is  formed  by  boiling  equal  parts  of  cream  of  tartar  and  the  oitido 
in  G  partis  of  irater.     It  is  much  used  in  medicine. 

By  tlie  action  of  heat  upon  tartaric  acid  its  characters  ace  cliauged, 
and  it  is  oonverted  into  ofber  acids,  whicli  are  geoerallj  isomeric  with 
itself,  as  the  inetaiarlark,  isoiarturk,  and  paraiarlaric  or  raefmis  acids. 

VliUk  the  alcohols  tartaric  acid  also  forms  coupled  acids  and  compound 
ethers. 

683.  Citric  Acid,  Ci^HsO^  =  C,jHsOu  +  3H0.— Citric  acid  is 
obtained  chiefly  from  the  lemon  (citron),  but  is  found  in  other 
fruits,  as  the  orange,  currant,  gooseberry,  strawberry,  &o.  When 
pure  it  forms  crystals,  which  are  very  soluble  in  water,  and  have 
an  agreeable  sour  taste.  It  is  used  in  calico-printing,  and  for 
medicinal  and  domestic  purposes. 

To  prepare  citric  acid,  lemon-juice  is  first  saturated  with  lime, 
and  then  the  citrate  of  lime,  so  fonned,  mixed  witJi  aevcral  times 
its  weight  of  warm  water,  is  decomposed  by  sulphuric  acid.  The 
clear  liquid  is  then  drawn  off  and  evaporated  until  the  crystals 
of  citric  acid  are  deposited  as  the  snlution  cools. 

Citric  acid  is  tribasic,  and  forms  three  series  of  salts,  according 
as  one,  two,  or  three  equivalents  of  its  basic  water  may  be  replaced 
by  the  fixed  base. 

By  heat  this  aoid  is  decomposed,  forming  carbonic  acid  and  other  pro- 
ducts, among  wMch  is  nconiiie  acid,  C,HOj,HO,  so  called  because  first 
obtflined  from  the  aeoniUim  napiUm.  By  distillation  it  also  yields  the 
ilaeomlic  and  cilraconic  adds. 

Citric  aoid  with  alcohol  forms  two  different  coupled  acids,  and  a  coni- 
pouud  etliec. 
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683.  Malic  Acid,  CHjOic  =  C8H,Os,2 HO.— Malic  acid  is  found 
in  many  vegetables,  botli  free  and  in  combination  with  bases,  espe- 
cially in  many  fruits  before  cnming  to  maturity,  aa  the  apple 
(malum'),  and  the  plum.  It  h  abundaot  ia  the  frnit  of  the 
mountain  ash  (sorbus  mictqiaria),  and  in  ths  stalk  of  the  rhubarb 

Pure  malic  acid  forms  crystals  which  are  very  soluble  Jn  water, 
and  whiah  melt  at  about  181°.  With  alcohol  it  forms  a  coupled 
acid  and  an  ether,  in  the  same  manner  as  other  bibasio  acids. 

By  tie  iiifluenoe  of  heat,  carefully  managed,  it  may  be  oonverted  into 
two  other  aoida,  whioli  are  isomerio  with  each  other,  called  the  maleie, 
and  iJie  pBi-amaleic  or  funtarie  acid!.  The  latter  ia  also  fonnii  in  some 
plaiita,  and  in  Iceland  moss. 

634  Tannic  Acid   CsHaOu  =  C„H  OsjSHO  —  Tannic  acid 

Q  (called  ■ilso  fanmiC),  oecurB  lu  the  bailc  and  leaie? 

I.  ^T^       of  mdQj  tiee^,  is  the  o-ik,  ehesnut,  and  hemloik, 

hut  IS  c  pocnlly  abundint  in  nut-gaJh,  whioh  aio 

exore«t,enccs  that  foim  iipoa  the  loaies  of  aevera! 

__  _  of  the  oik 

B>wtf  T    prepaie  it   nnt  g^lls  in  caiia  po-wder  aie  inhn 

W  Vt     du  el    nto  &  tunnel,  ot  the  form  A  lepis^ented  m  tlia 

""       fi„nre  the  mouth  having  been  loosely  filled  with  a  htlle 

CO  ton   and  pouring  ovei  them  some  snlphuno  ether  that 

has  been  previously  ■wasbed.     The  funnel  ia  placed  in  a. 

ve  ael  of  the  form  B,  into  which  the  liquid  gradually  per- 

co  ate"  and  eeparates  spontaneously  into  two  portions  ;— 

the  loner  being  a  solution  of  the  acid  in  water  fa  little 

of  wh  oh  was  contained  in  the  ether),  wifii  the  hghtor  and 

pire  ether  above  "      """'  """'   --'-•=—   —  ■-- 

-J  'pfavated ;  and  hv  ' 

\  a 

This  aeid  is  soluble  la  water,  and  has  a  peculiar  astringent 
taste.  It  13  a  feeble  acid,  but  forms  salts  with  bases.  With 
salts  of  the  peroside  of  iron,  it  forms  a  deep  blue  or  black  pre- 
cipitate, which  is  the  basis  of  writing-ink.*     It  forms  an  insoluble 
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and  y    mp                mp       d  with  gelatine,  which  is  the  hasii 

f  ?  I    w  li  d        f  r  the  hair  is  removed,  are  soaked  fm 

an  ]                 f  b    k  which,  conlains  this  substance,  ani) 

ah  g  d         It. 

685    Galli  A    I    C  H  0,,  =  C„HA,3H0,— This  acid  !« 

Uy    %  d  w  h   h    p  eceding,  and  ia  always  formed  whoa 

a      1            f  b          d       1  ft  for  some  time  to  the  action  of  the 

m    ph  as  b   1  d  f     a  time  with  Bulphnrio  acid.     In  the 

1    te              b  a         ttended  by  the  formation  of  grape- 

g         Tl  d           d  ly  obtained  in  crystals,  wtich  are  quite 

n    I  bl     n  Id  b          y     luble  in  hot  water. 

B  liar  fioids  are  formed  from  gallic  acid, 

h   p  k  adds. 

ORQANIO    ALKALIES,     OR    ALKALOIDS. 

686.  We  have  seen  above,  that  raaoy  organic  compounds  are 
acids;  so  also  there  are  others  which  are  properly  alkalies,  as 
they  readily,  like  potash,  soda,  &c.,  combine  with  acids  which  they 
neutialize,  foiming  true  salts 

All  the  organiij  alLahea  contain  nitrogen  and  hydrogpn,  ind  in 
some  sulphur  is  founl  Some  of  them  esist  ready  foimed  m 
pilots,  but  otheis  iro  pioduced  by  their  destructive  dMiUation 
Neaily  all  of  them  aic  pDisonous 

687  Morphia,  oi  Morphine,  CmHuNOs— This  substance  is 
an  essentiil  ingredient  ot  opium,  whii^h  is  the  diied  juice  of  cer 
tam  speoiea  of  the  poppy,  caltivated  largely  in  different  parts  of 
Asia  To  sepaiate  the  morphia,  the  opium  is  digeatei  seyeral 
dayi  in  water,  and  the  solution  precipitated  by  amnijn  a  which 
18  added  cautiously  in  small  portion'!  The  impuie  mmphia  thus 
obtained  is  then  fuilher  purified  by  dissolving  it  m  boiling  ako 
hoi,  flora  which  it  crystalizes  on  cooliog. 

The  morphia  in  opium  seems  to  be  in  combination  with  a  pecu- 
liar acid  called  meconie  acid  (froia  mecone,  a  poppy). 

QuBSTioHS.— What  ia  Uatler?  685.  D^cribe  gallic  acid.  68C.  IVIiat 
ava  thfl  organic  alkalies  ?  What  is  said  of  their  eomposition  ?  G87.  Fi'oni 
what  ifl  Diorplua  ohtnined  ?     Describo  the  method  of  aeparat lug  it. 
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Pure  morphia  m  a  cryataline  solid,  but  slightly  soluhle  in  irater, 
and  of  a  bitter  taste.  It  combines  readiJj  with  acids,  forming  salts, 
the  most  important  of  which  are  the  sulphate,  aLCtaie,  and  hydro- 
eMorate. 

Those  Balfs  are  iho  compounds  of  tins  Rubstanoe  generally  used  in 
medical  praotioe  under  the  name  of  jamphme  and  not  the  pare  alkaloid, 
wMob  is  but  slightly  soluble  in  water,  and  therafoie  inoit. 

Karcoline  and  codeine  ai'e  otlier  oomjuunla,  ft  i  an  lUar  character, 
prooared  from  opium. 

688,  Qninia,  or  Quiniae,  OasHjiNiO^. — Quinia  is  obtained  only 
from  the  bark  of  certain  species  of  a  tree  called  dnehona,  which 
grows  chiefly  in  South  America.  In  commerce  it  is  called  Peru- 
vian bai'k,  and  is  extensively  used  in  medicine. 

To  prepare  quinia,  the  bark,  in  powder,  is  digested  in  water, 
and  from  the  solution  obtained,  the  alkali  is  precipitated  either  by 
lime  or  ammonia.  The  quinia  may  then  be  dissolved  in  alcohol, 
and  crystalized. 

Quinia  is  a  crystaline  solid,  slightly  soluble  in  water,  and 
intensely  bitter.  It  combines  readily  with  acids,  as  the  sulphuric 
and  hydrochloric;  and  the  salts  formed  are  estengively  used  in 
medicine,  especially  in  certain  fevers.  With  the  aulphurie  acid 
it  forms  two  salts,  a  neutral  and  an  acid  sulphate. 

689-  Ciaclioiiia,  or  Cinohonine,  CaEH^NjOi. — Cinchonia  always 
afioompanies  quinia  in  Peruvian  bark,  and  is  obtained  from  it  by 
a  similar  process.  It  differs  in  composition  from  cjuioia,  in  con- 
taining 2  atoms  less  of  oxygen ;  but  in  most  properties,  the  two 
substances  are  much  alike.  Alone,  it  is  but  slightly  soluble  in 
water,  but  the  salts  it  forms  with  acids  dissolve  more  readily,  and 
are  used  in  medicine.. 

Qninia  and  cinchonia  exist  together  in  the  bark,  the  former 
being  moat  abundant  in  that  which  is  of  a  pale  color,  while  tlie 
latter  (cinchonia)  oooura  chiefly  in  the  red  baric. 

Que snoNB.— What  are  some  of  the  properties  of  morphine!  Wliat 
other  ilkaloida  are  procured  from  opinm?  688.  From  what  iaqiiiiiin 
prepared!  Deaoiibe  the  mode  of  aoparating  it  from  the  bark?  689.  In 
what  does  oinohonia  difier  from  quiiiiii !  What  is  said  of  tlie  color  ol'  l;li{i 
bark  containing  those  ollcaloida? 
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690.  Stri/chnia,  or  strychnine,  C^JI^iN^O,,  is  a  vegetable  alkali 
obtained  from  nux  vomica,  and  other  plants.  It  is  the  poisonous 
principle  of  the  fiiinous  l^as,  of  the  island  of  Java,  of  which  so 
many  fables  are  toH.  It  forms  an  esteosive  series  of  salts  with 
the  acids,  and  is  one  of  the  most  violent  poisona  known, 

Brucia,  or  hrueine,  is  a  similar  alkaline  subst^ince,  obtaioed 
from  the  same  source. 

691,  Imtbie,  C.jHsNO,,  is  deriyed  from  indigo  by  heating  it  with  dilnta 
nitric  aoid.  It  is  a  erjataline  solid,  of  an  ornnge-red  color,  soluble  in 
liot  water  and  in  alcohol,  From  this  substance  uatiaU  acid  is  deriyed, 
and  seTcral  other  compounds. 

Theme,  and  Cafftine,  obtained  from  tea  and  coffee,  appear  to  be  tha 
same  Bubetance.  It  is  found  also  in  the  fruit  of  some  other  planta,  and 
is  oontaincd  in  larger  quantitj  in  tea  than  in  coffee.  It  is  not  certain 
that  these  articles,  so  extenslTely  asei  among  civilized  nations,  ows  their 
pocnliar  proporliea  to  this  principla. 

Nicotiai  is  on  alkaloid  obtained  chiefly  from  the  tobacoo-Ieaf.  I'iperim 
is  extracted  from  black  pepper : — it  is  a  crystaline  solid,  and  acts  as  a 
feeble  base. 

PicFBloxins,  from  the  coenius  Indieus,  eartOiaraiKne,  from  oanlliarides, 
asparagmf,  from  the  roots  of  asparagus  and  other  plants,  and  pidariizine, 
from  tha  fresh  bark  of  the  apple,  pear,  plum,  ujmI  cherry  trees,  are  Com- 
pounda  of  a  simlisu'  character. 

ALKALOIDS    OT    THE    ETHERS,    OK    CONJUGATED 


693  The  alkaloids  of  tbe  other'*,  liLe  the  ethers  Ihemaehes, 
ind  the  alcohol",  are  not  fcund  iq  nature,  hut  ire  produced  only 
by  artificial  means  ihey  cloaelj  resemble  ammonia  m  mo'it  jf 
their  propeitieg,  and  ind^,ed  maj  be  eon&idered  a^  ammonia  m 
which  one  or  more  atoms  of  hydrogen  has  been  riphcod  by 
equivalent  quaatities  of  tbe  compound  radicals,  ethylc,  C,Hs, 
jnafhile  C,Hj,  aeetyle,  C,Ha,  &o  K  tew  of  these  only  tin  hs 
desoiibed,  and  in  doing  so  we  shall  find  it  advintigeou'  occa- 
sionally to  represent  ethyle,  CjH;,  by  Et,  metbyle,  CsHj,  by 
Me;  amyle,  0„H,„  by  Ayl;  acetyle,  C*Ha,  by  Ae,  &o. 

Questions. — 690.  What  is  said  of  etryohnia?  From  what  is  it  pro- 
cured? What  other  alkaloii  accompanies  it!  601,  From  what  is  isatino 
obtained?  What  is  said  of  theine  and  caffeine?  What  other  alkaloids 
ai'e  mentioned  ?  602.  Are  the  alkaloii^  of  the  ethers  fouad  in  nature ! 
Wiiat  do  they  rosemble  ?    From  what  may  thoy  bu  considered  as  formed  J 
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693.  EthylamiEQ,  GJrl^n  =  NH^C^Hs  =  NH^Et.— Etliykmine 
is  formed  liy  various  processes,  as  by  the  action  of  strong  aqua 
animoaise  upon  hydrobromio  ether  (bromide  of  etbyle),  aud  then 
distilling  from  potash  or  lime.  Tbe  ammonia  and  ether  are  put 
together  into  a  glass  tube,  which  is  sealed  hermetically,  and  im- 
mersed fifteen  minutes  in  boiling  water; — the  reactions  are  aa 
follows,  viz. : 

C,HsBr+NHa  =  C.H,N,IIBr  =  Nna,C,K„Br. 

If  as  intimated  ibove  we  consider  ethylamino  a  conjugated 
nmnonn  that  i^  ammonia  m  whioh  1  atom  of  hydrogeu  is 
replaced  by  elhjle  then  it  la  evilent  the  compound,  NHjCHs^ 
NHjEt  IS  ammonium  m  which  1  atom  of  hydrogen  is  replaced 
V\  etbyle  It  IS  eilled  efhj/I immcmum  The  compound,  NHj, 
(.JIjBr  miy  therefoie  be  exiled  broraile  of  ethyluramonium; 
ind  this  wi  en  distilled  with  lime  or  an  altali  yields  ethylamine, 
piBcisely  aa  sal  ammoni  c,  NIIiCl  li  tillul  with  lime,  yields 
ammonia  (22i) 

Elhylamme  is  %  tolorks'!  lirajid  !i  juid  having  a  ■density  of 
about  0  69fi,  and  fcoihng  at  about  6S°  It  has  a  pungent  odor 
Ilka  ammonia  and  ilkalme  leac  ion  forming  salts  with  acids. 
With  hydrochloric  acid  it  foims  dense  white  fumes,  in  the  same 
manner  as  ammonia. 

084.  By  the  proper  modes,  2, 8,  and  even  4  atoms  of  hydrogen  in  nmmonia 
and  amnioniuin.  moy  be  replaced,  producing  tlie  ooniporaida,  bklhylaiiiinB, 
NH(C,H5)j=NHEt3.  trielkylamine,  N ( 0,115)3 =NEt„  and  ielrelhi/lamine, 
N(C<Hj),  =  NEtj.  The  latter,  called  also  lelrelhylammmmm,  like  its 
pi'otot3rpe,  ammoniiim,  aa^  only  be  obtained  in  aombination,  as  an  iodide, 
bromide,  or  chloride. 

695.  Methylajniae  C  H  N-NH  f  H  =NH  Me  —This  com- 
pound is  prepared  1mm  hj!  mine,  simply 
substitutiag  in  th  p  as  m  hjl  b  I  a  colorless 
gas,  having  a  stron  m  \  1  d  lie  I  action.  By 
a  cold  a  little  bel  w  1  d  1  pid,  mobile 
liquid.     In  the  jj                                             1  II         water  than 

QuESMONS.— 698.  Wh                     ni  e?    What  is 

otUjlammoniora?    Dp  lam           694.  Wliat  li 

biethylamine  J    Trie         m           T  tr  lam                        w  is  melhyla 

mine  forrawl  T    In  n                     iff  m          am 
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any  other  known  gat  water  at  70°  taking  up  1000  times  ita  own 
■volume  of  the  ga^ 

60B.  Smethvlamie  HH(C,IL)j  =  HHMoj,  IHiiBlhylamiw,  N(Cjirj;)j,= 
KMfia,  anct  tetrameihvlamme  N(QH,)j=;NMo,,  sustain  tlie  snme  relatJona 
in  the  mothylia  compoimda  as  those  of  oorruspondlQg  name,  above  de- 
sci'itied,  in  the  eihyle  Bories 

697.  AmylMnme,  C,„H,aN=NHjOraHi,  =  NH,Ajl.— Amy- 
laniine  is  prepared  by  a  proceas  altogetiier  similar  to  those  above 
given  for  preparing  the  corresponding  compounds  ia  the  ethyle 
and  methyle  series  It  i^  a  limpid  liquid  which  boils  at  a  little 
bo  OnhadnyfOSOIhhd  m 

m  n        nd  y  bas  m  n  w        ha 

B  &  di  g  hy     and  m.   h  p 

698  Am  ne  C   J  N      NH  0  H         b        d  f  m  ph  n 
dttobyh  nfn  dnpndg       I         ny 

qu  d    h  ving  adn  08      nd        d  ykn 

fog       tswith  Inyb  Jd        mm      a 

wh  u  hhgnpdby  up 

CH  dphy        Th       k      dmghh  bnmd 

699.  We  may  evea  have  oompotrnds  answering  to  ammonia  in 
which  the  three  atoms  of  hydrogen  have  been  replaced  suooessively 
by  different  groups,  or  compound  radicals,  as  in  elhj/lmeth^l^he- 
•nylamme,  ^,Q^U^,G^^„QyM,  =  N,MeEt,Pyl. 

700.  In  oil  these  oompoaiidB,  it  plaiuly  appears  tJiat  the  gconpa,  or 
oompoond  radicals,  ethyle,  C^Hj,  methjla,  CjHj,  &o.,  ara  equiTalont  to 
H  and  replaoe  il^  In  Hmmonia,  NHj,  and  ammooium,  NH^.  How,  phos- 
phorus, P  IS  eqniTalent  in  comhinatlon  to  N;  and  without  esperiment 
we  might  aspect  P  to  leplaoe  N  iu  omiuonia,  as  it  does  in  tbe  oomponnd 
called  phoaphuretted  hydrogen,  PHj.  So  a  aeries  of  compounds  has 
boeu  dis:,OTeied,  anaweiing  to  ammonia,  wiih  its  hydrogen  replaoed  hy 
the  groups  athjie  methyle  %o.,  and  the  nitrogen  by  pbosphoius  Thus 
we  hiie  the  oompouuds   P(CjH,)3  =  PMe3,  P(C(Hj)3  =  PEt3,  &o 

fJucinoN  — 008  Whitishimethylamine?  697.  Describe  imylamine. 
(  J3  Destoibe  aniline  Wliy  may  wa  name  it  phenylamine  ?  Oil  Whit 
11  the  composilion  of  ethylmetli jlphenylaiaiue  ?  700.  May  the  nitrogen 
in  these  ctrnpoimda  be  ioplai^d  by  phosphorus  ? 
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701.  The  nitrogen  in  these  compounds  may  even  be  replaced 
by  a  metal,  as  antimony,  bismuth,  o  t'n  a  'u  (h  following 
examples. 

Stilethyle,  Sb,C,aH,5=gbCC4H,)3=%Et  — Stb  hyle  is  pre- 
pared by  the  action  of  hydriodio  or  hyd  ob  no  etbe  upon  anti- 
monide  of  potaasium;  and  afterwards  d  st  11  n  a  fully  in  an 
atmosphere  of  carbonic  acid.  It  is  a  t  nspa  ent  col  1  ss  liquid 
which  boils  at  317°,  and  has  a  density  of'l"33.  A  drop  of  it 
exposed  in  the  open  air,  first  emits  dense,  white  fumes,  and  then 
takes  fire  spontaneously.  Stibethyle  combines  readily  with  oxygen, 
snlphur,  chlorine,  and  other  elements,  forming  bnth  binary  com 
pounds  and  proper  salts 

702.  Shhmeihyls,  SbCGjHj)^  =  ^bMe^,  is  a  coire'.pondmg 
compound,  containing  antimony  and  metbjie,  as  is  iho  bis- 
methjle,  Bi(C,H5)3  =  BiEt5  of  bismuth  nnd  ethvle  Theae 
latter,  and  many  others  of  'imilar  cliaractei,  tbungh  foimed  on 
the  type  of  immonia,  have  less  the  charaeti-rs  of  ammonia,  and 
react  with  chemioil  agents  muie  hie  simple  metils  They  are 
therefore  sometimes  called  conjugate  metala 

AU  the  praoediag  compomidB  have  the  same  moleenlar  tjpe  as  ammonia 
and  nmHionmm ;  and  it  is  worthy  of  noUoe  that  tlioae  having  tho  tjpe 
of  ammoaimn,  iiio  ommonimn  itself,  have  been  obtainad  only  in  coni- 
Ijinntiou. 

703.  There  are  other  componnda  similar  in.  their  general  oharaotei-s  to 
tlie  above,  but  the  moleoular  type  of  ammonia  does  not  appear  in  them. 
Of  this  character  ace  such  oompounds  as  the  foDowing,  viz.,  liiethyle, 
Bi,C,H5  =  Bi,Et ;  siiicethyle,  Zn,CjH5  =  Zn,Et!  aUnneihyU,  Bn.CjHj^ 
Sn,Et;  hydrargethyle,  Hg^GjII,,  ftc.  Each  of  liieSB  (and  many  otiers) 
combine  with  osygan,  sulphur,  chlorine,  &o.,  fojTning  binary  oompomids ; 
ami  these  again  uniting  mth  other  oompomida  form  salts. 

704.  Caoodyle,  AB,C,Ha=  Aa,Me5.  —  This  substance  (named 
from  the  Greek,  kakos,  evil,  and  ule,  principle,}  serves  as  the 
basis  of  a  long  series  of  compounds,  in  which  it  performs  the  part 
of  a  quasi-metal.  By  distilling  a  mixture  of  equal  parts  of  acetate 
of  potash  aad  arsenioua  acid,  we  obtain  a  liquid  substance  long 

QuKSTiOHS, — 701.  May  the  nitrogon  be  replaced  b'y  cortalu  motalsf 
What  ie  the  composition  of  stibethyle  ?  Describe  its  pvopertiea.  703.  Dc- 
Bciibe  stibmethjle.     704.  From  what  does  cacodylo  receive  its  name' 
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tnown  aa  Cadet's  fuming  liquid.  Ita  oompoaition  is  As,MegO, 
which  corresponds  to  oxide  of  cacodylo,  but  it  is  more  frequently 
called  alcarsine.  When  pure  it  is  a  colorless  liquid,  which  is 
highly  corrosive  and  poisonous. 

According  to  Hagnault,  gaseous  alcarsine  has  a  dendty  of  7-8 ;  by  oal- 
oulntion  we  oiake  it  7-824.  Its  equivalant,  as  ^ven  above,  reprBscnta 
2  Tolumes,  and  its  density  is  oaloulated  as  follotrs : 

4  Tols.  carbon  Taper  weigh  (-886  X    4)        3-3*4 

12    "    hydrogen            "  (-060  X  12)          -828 

1     "    arsenic  vapor     "  10-370 

1     "    osygea               "  l-i03 


706  Alcarsine,  by  digestion  in  hj-droehJoric  acid,  is  converted 
into  chloiide  of  cacodjle,  AsMejjCl,  which  is  decomposed  by  a 
metal,  as  iron  or  zice,  and  yields  cacodyle,  Afl,r^He,  which  is  a 
(.obilesM,  tianspiient  liquid,  ha^mf;  a  den>:ity  i  little  above  thit 
ot  watei,  ind  boiling  at  about  BSb"  In  the  open  au  it  takes 
fire  spontaneously,  and  even  when  coieipd  by  a  film  of  water  it 
gradually  abwibs  oxygen  from  tba  an,  being  oonveited  first  into 
alfarsme,  A«i,MeiO,  and  then  loto  al  aigtn,  Oi  cuco<fi/hi,  acit/, 
As,Mea,Os 

Caoodjle  fniras  iin|  oitnnf  Imiry  compcnnds  with  o^igen,  oWjrino 
Bulpliur,  Lt  and  from  tliPse  many  inteibslmt  salt?  aic  dcimJ  not 
Jitie  deacnbel 

OKQANIO    COLORING-MATTERS. 

703.  Color  is  a  property  whioh  pertains  to  every  substance ;  but 
it  is  proposed  fo  treat  here  of  eerlaiii  compounds  noted  for  their 
colur,  and  the  practical  uses  made  of  them  in  the  art  of  coloring. 

Infinite  variety  exists  in  the  colors  of  organic  substances ;  hut 

QnBSTloss. — How  is  Cadet's  faming  liquid  obtained  ?  What  if  it  oom- 
nopcaof?  What  is  it  somefimes  called !  Wiiatis  the  density  of  alcarsine 
[apnr  ?  705.  What  is  formed  when  alOBiMe  is  digested  in  tydrochlorio 
na'Al  How  is  cncodyle  obt»uned  from  its  oliloride!  Describe  caoodyle. 
IVliat  is  said  of  the  compounds  of  caJ!odyle  1  706.  What  are  to  bo  treated 
of  iindar  the  tend  of  organic  coloring-maltens  ?  Wliat  ia  said  of  the  great 
variety  of  oolora  pvesentod  m  nature  f 
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Hie  prevailing  tints  are  reii,  yellow,  blue,  and  groeo,  or  iiiixturos 
of  these  colors, 

707.  The  art  ofiJyemg  oonsisfa  in  attaching  the  diiTerent  color- 
ing-matters to  the  fabrics  to  be  colored.  This  is  accomplished  in 
vai-ious  modes,  as  by  adding  some  substance  that  forms  an  inso- 
luble compound  with  the  coloring-matter,  or  one  that  has  Ihe 
property  of  causing  the  coloring- matter  to  attach  itaelf  perma- 
uontly  to  the  fibre  of  the  cloth.  A  substance  used  for  this  last 
purpose  is  called  a  mordant. 

As  ft  general  role,  substances  of  an  animal  origin,  as  wool  and  siUt,  are 


0  H  NO  — T 
d  k    d 


of  indigo  with  other  matters  Pure  indigo — sometimes  called 
%ndigotine — may  be  ohlai  led  fiom  it  by  sublimation  with  a  gentle 
belt,  and  by  other  meini 

Pure  indigo  is  an  insipid,  inodorous  substance,  insoluble  in 
witor,  but  soluble  in  small  qmntity  in  alcohol.     In  strong  aul- 

yuBSTiOKS. — 707.  In  what  does  tlie  art  of  [lyeiug  consist?  IVLat  is  a 
jnordant?  Wliat  are  lakes?  What  owasions  tJie  fading  of  colors? 
TOR.  From  what  is  indigo  obtained?  Deserilie  the  proooas  of  pioparing 
it,     Wtiat  is  said  of  tlie  aotion  of  sulphmio  acid  upon  indigo  ? 
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phuMo  aeid  it  disaolvLS  leadily,  witii  the  formation  of  soveral  new 
coupled  aoid^,  as  the  mlphidtjofii.,  sulphindyhc,  &<•  Alkalies 
act  leadily  upon  it,  producing  maiij  important  compounds,  some 
of  which  have  been  described 

Deosjdizmg  bodies,  as  piotosulphate  of  iron  protoehloride  of 
tin  &c ,  hi\e  the  eftt,ct  to  deotioy  eutirely  the  color  of  the  abovo 
mdigo — called  often  tmh^o  hlue — and  produce  another  compound, 
called  indi(/o  white.  This  uniies  readily  with  bases,  and  forma 
several  soluble  compounds  which  serve  admirably  for  coloring. 
The  solutions,  though  yellowish  at  first,  gradua,lly  become  blue  by 
eirposure  to  the  air ;  and  articles  impregnated  with  the  solution 
uudevgo  the  same  change. 

Solution  of  indigo  in  sulphuric  acid  is  much  used  for  coloring 
the  Saxon  hlue. 

709.  Litmvs,  archil,  or  turnsol,  is  a  coloring  substance  resem- 
bling indigo,  obtained  from  several  species  of  lichen,  as  the 
hconora  parella,  and  the  rocella  Hnctoria.  It  is  seen  in  small 
cubical  masses,  which  are  partially  soluble  in  water,  and  the 
solution  communicates  a  beautiful  blue  to  substances  immersed 
in  it.  This  substance  is  much  used  in  chemical  investigations  for 
detecting  the  presence  of  acids  and  bases ;  the  former  of  which 
cliange  its  blue  color  to  red,  and  the  latter  again  restore  the  blue. 
It  is  a  compound  of  several  principles,  as  lecanarine,  orcine, 
rocelinine,  &o. 

710.  Madder  is  a  red  coloring- substance,  obtained  from  the 
roots  of  a  plant  called  rubia  tineioria.  It  contains  several  prin- 
ciples, the  most  important  of  which  is  a  red  ciystaline  oompounij 
which  has  received  the  name  alizarine,  G^^^.  Some  of  the 
otlier  principles  obtained  from  it  are  madder  purple,  or  pur- 
purine,  OssHioOis,  madder  red,  G^^O^,  and  xanthine. 

By  means  of  difierent  mordants,  madder  is  made  to  produce 
various  shades  of  red,  pi.rple,  brown,  and  orange.  The  beautiful 
crimson,  called  Ttirkey-red,  is  produced  by  it  by  means  of  a  com. 
plicated  process  which  has  not  been  fully  explained. 

QoES'riONB.— Wlmt  is  the  effect  of  clTO-fjdiiiug  bodies  upon  iiijigo? 
7llit.  From  what  ia  litmus  procured  ?  What  uso  la  made  of  it  ?  710.  From 
w'jat  is  madder  pi'ooHi-od  ? 
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711.  Cochineal  — •This  b  a  dr  d 
coctus  cacti  by  Linnieus.  It  is  a  n 
upon  a  species  of  tlie  cactus. 

As  sceo  in  commerce,  it  is  of  a       L  J 
'but  when  macerated  ia  water,  it  ji    d    a 
ing-mattoi-,  which  is  muoh  used  in  dy    n 
pigment  called  carmine  is  prepared  f    ra 
n  water,  and  adding  a  little  alum  — 
1,  and  is  eoUe  ted  am 


Tia,  Braeline  ia  a  crjattiEne  solid,  g  ,  m 

Braiil-JBOod,  nhicli  ia  solubl         w  t  d    1    h  1      ft    h  1     tg    t 

giTfiB  a  beautiful  red.     The      m        I   t  t        1      tli    Af 

wood  called  cam-wood. 

MematoTyliae,  Q^fif—Th.         1  m  tte         p  1  f   m   a 

wood  of  die  treo  oalled  hiem       jl      C    p  ach  1  f    q      t!y 

commewe,   log-ioood.     It  is      p      t   I  f   m  th  d  by  d  g    f        in 

water,  unl  may  be  obtained  y     '        Th         b  t  w  li      1 

of  iron,  giyes  a  permanent  blk        dwthtlimd  dfi        ( 

sliadoa  of  pucple  or  red. 

513.  Querdtrine,  C^HjOj.HO  y  U  it     1  m  tt  t        1 

the  bark  of  the  quetcus  tin  d  j     b  biy  h         g  tabl        I 

slojioea  used  in  coloring  jell  wAfin        11  IplJbyb. 

itirmerie  root,  xxtdi  by  the  root  of  the  oommon  barbecry  [berberii  vul^arit). 

ChloTophyh. — This  name  has  been  applied  to  the  green  ooloring-matter 
of  the  leaves  of  plants.  It  ja  contained  only  in  thoaa  parts  of  plants 
which  are  exposed  to  the  hght,  and  this  agent  may  therefore  be  gupposed 
to  have  au  important  influence  in  its  formation.  It  is  a  suhataaco  of  a 
waxy  nature,  and  is  soluble  in  alcohol,  but  not  in  water. 

Tha  aboTe  are  the  most  important  ooloring-aubstanoes  obtained  from 
vegetable  bodies;  by  their  combination  with  eaoh  other,  and  by  the  use 
of  different  mordants,  in  different  modes,  all  the  endleas  variety  of  tinls 
are  produced. 

THE    AMIDES    AND    NITEILES. 

714,  Amides, — An  amide  is  a  nitrogenized  compound  answering 
to  a  salt  of  ammonia  less  one  (ov  more)  atoms  of  water  (or  its  ele- 
ments). Thus,oxamido(Y31),CjO„NH,=  CA,HO,NHa— 2H0; 
— that  is,  it  answers  to  oxalate  of  ammonia  less  2  atoms  of  water. 
So  benzamide,  C„H,N03  =  CHsO^.NH,  =  C„HA,nO,NH,— 

(JiTESTioNS. — 711.  What  is  cochineal?  712.  From  what  is  breielino 
obtiiined?  What  is  homatoxylino ?  713.  What  is  qnorcikine?  De- 
Boribo  cMorophjlo.     714.  Deociibo  an  amiclo, 
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2II0, — that  i'i,  it  insweis  to  benzoate  of  ammonia  less  an  atom 
of  water,  oi,  Ic  b  3  atoms  of  wafei,  if  we  have  re^'aid  to  the  basic 
witer  of  the  salt 

It  IS  also  charaotori'.tio  of  the  amiJu'!,  th  it  they  are  capable  of 
resuming  tha  witer  lost  fo  as  to  regeneiate  the  aramoiinoil  salt; 
or  if  a  Sxcd  alkali  js  used,  a  "iilt  of  this  alkali  j3  formed,  and 
ammonia  set  flee  Thaa,  when  benzamide  is  truted  with  a 
bnding  solution  of  pota-sa,  beozoalc  of  potaasa  is  foimcd,  and 
ammonia,  being  gaseous,  e'capos 

715  The  amiles  are  formed  by  sevenl  different  modes,  as  by 
the  simple  distillation  of  a  salt  of  ammonii,  by  the  aeticn  ot  aquii. 
ammoniee  upon  the  comprunl  ethers,  by  the  aotion  of  ammonia 
upon  certain  ohIoride=  i,o  Os-imi  le,  foi  instinoe,  is  formed  by 
the  distillation  of  osalate  of  ammonia,  but  it  may  alsD  be  pie- 
pircd  by  thi.  ar't  on  of  aqua  ammoni'e  upon  oxalic  ctber  (61t)), 
alcohol  being  aI«o  at  the  same  time  reproduced  from  the  ether. 
Thu?, 

O^H^O  0.0a  +  ^S,  ^  C,H,0,  +  C,02,NH2 

Benzamide  is  nsually  prepared  by  the  prooess  last  mentioned 
from  the  chloride  of  bonzyle.     Thus, 

CJI,G]0,  +  2]SHa  =  CJrJ,0„  +  MH.Cl. 

It  is  solid,  and  capable  of  being  crystallzed  ; — -at  a  temperature 
of  about  240°  it  melts,  and  at  a  still  higher  temperature  may  be 
fiublimed. 

Osamide  also,  mentioned  above,  is  solid,  and  without  odor  or 
taste.  At  a  high  temperature  it  may  be  sublimed,  but  some  of  it 
will  be  decomposed. 

718.  Malamide,  C5H,NjOj  =  C5H.Oj,2NHj,  is  tho  imida  of  malic  aoiil 
{688),  and  is  identical  in  oomposition  willi  aspamgiae,  a  sabstaaee  fovinil 
in  tbe  yoimg  shoots  of  asparagus,  in  liqnorioe  root^  and  the  root  of  marsh- 
mallow,  awl  ill  Eeveral  other  plants.  It  may  be  obtained  la  ciTstolii, 
which  reqaira  about  00  times  their  weight  of  water  for  solution.  By  (ha 
aotion  of  acids,  it  is  oonTerted  into  ammonia  and  asparlit;  acid,  CgHjHO,!  = 

Questions, — How  may  tie  ammoniacal  salt  be  regenerated  f  715.  'Whaf 
are  some  of  the  modes  by  which  the  amides  are  formed  ?  Desoribo  thf 
mode  of  preparing  henioinide,     716.  What  is  malamide,  or  nsparagino  f 
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The  above  esnmples  are  givea  as  illuatradye  of  tlie  mode  in  which 
bodies  of  this  cl&aa  are  farmed,  and  of  the!)*  relation  to  tba  fLmmoniacal 
Baits;  many  are  known  that  oaiinot  be  here  mentioned.  Host  of  tbeni 
are  neutral  in  their  reaetiona,  bnt  they  may  be  aoidB--as  aapartio  acid — ■ 
or  bases.     Those  that  are  acid,  ore  usually  fonued  from  a^ld  salts  of 

717.  ITitriles. — Many  of  tha  amides  are  capable  of  parting  with 
Btill  another  atom  of  water,  being  then  converted  into  compounds 
oalled  nitrites.  There  are  not  many  known,  and  they  are  not 
important. 

AcetoJiitrile,  CiHaN',  is  formed  from  acetamide,  OjHaOa.NHj, 
by  distilling  tLe  latter  with  anhydrous  phosphoric  acid,  which 
causes  it  to  pai't  with  2  atoms  of  water.     Thus, 

C.HoO^NH.— 2H0  =  C,HJ^. 

BatyroniinU,  CjHjH,  is  an  oily  liquid,  which  boils  at  about  ZAh".  It 
is  prepared  by  distilling  butyrate  of  ammonia,  or  butyramide,  with 
anhydrona  pliosphorio  aeid,  which  separales  an  atom  of  water.  Yalero- 
niirile,  C,gHgt7,  is  obtained  in  a  eimilar  manner  from  valeramide. 


CYANOOBN,    AND    ITS    COMPOUNDS. 

,S>mHC,N,  orCy;  EquiBolenl  (\2 -i-  14=)26;  I>e^isihj,l-^2. 

718.  History. — -Cyanogen  has  already  been  mentioned  (315). 
It  was  discovered  by  Gay  Lussaa,  in  1814,  and  in  1817  was 
recognized  by  Borzelius  as  a  compound  radical  (536).  In  many 
of  its  properties  it  resembles  chlorine,  bromine,  and  iodine,  com- 
bining like  these  with  other  simple  substances,  and  forming 
compounds  called  eyanidai. 

Like  the  elements  above  mentioned,  also,  it  combines  with 
oxygen,  forming  oxacids,  and  with  hydrogen  forming  a  hydracid ; 

QuBSTious. — Describe  the  mode  of  preparing  aEparOo  acid.  A™  lliere 
Boid  and  basic  as  well  aa  neutral  amides?  717.  Hon  are  tlie  nllj-itea 
formed!     718.  When  waa  cyanogen  disoovereii! 
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ind   in    many  other  respects,    it  reacts   precise 


719,  Preparation.  —  Cyanogen  may  be  prepared  by  several 
modes.  Its  elements  do  not  combine  directly,  but  a  cyanide  ia 
first  formed,  and  this  being  decomposed  yields  the  pure  cyanogen. 
The  best  method  to  procure  a  small  quantity,  is  to  heat  geotly  in 
a  small  retort  cyanide  of  mercury,  and  collect  the  cyanogen  over 
mercury.  At  the  same  time  a  brown  mass  will  bo  formed,  and 
remain  in  the  retort,  which  has  received  the  name  of  para- 
cyanogen.     It  ia  isomeric  with  cyanogen. 

720,  Properties. — Cyanogen  is  a  colorless  gas,  of  a  density 
1'82,  and  has  a  peculiar,  but  not  disagreeable  odor,  resembling 
that  of  wild-cherry  water.  By  a  temperature  of  — 4°,  or  by  a 
pressure  of  4  atmospberes,  at  the  ordinary  summer  temperature, 
it  is  converted  into  a  liquid. 

The  following  method  serves  well  to  prepare  a  small  qnaiiti^  in  the 
liquid  form.  Introduce  into  a  strong  glass  tube,  bent  as  in  the  figui'o, 
a,  little  ejanide  of  mercury,  and 
seal  it  hermeticallj.  It  is  then 
to  be  held  horiiontally,  und  the 
heat  of  a  lamp  applied  at  the  ex- 
tremity, 0,  containing  the  cyanide  Prop&ratioa  of  CysnoKi 
of  silver.  The  other  estremity,  b, 
is  fo  be  kept  cool ;  ami  in  a  short  time  the  liquid  cyanogen  will  he  seen 
to  collect  in  it. 

In  the  liquid  form,  cyHiDogen  is  colorless  and  limpid,  and  has  a  density 
of  about  0-9.    By  long  keeping,  it  undergoes  a  change,  forming  ^aro- 

Compounds  of  Cyanogen  and  Oxygen. 

721,  Cyanogen  and  osygen  form  no  less  than  three  isomario 
compounds,  all  of  which  are  acids. 

723.  Cyanie  Acid,  CjO,HO.  —  Cyanic  acid  is  always  formed 
when  an  alkaline  cyanide,  as  cyanide  of  poCasBium,  is  exposed  to 

Questions. — What  simple  substances  does  cyanogen  resemble  in  many 
of  its  properties?  719.  How  is  cyanogen  prepared?  Desoiibe  para- 
oyanogeu.  720.  What  are  tiie  properties  of  cyanogen?  May  it  be 
obtained    as    a   Equid?      May  it  be  preserved  in   the  liquid   form? 

721.  How  many   compounds   of   oyanogon   ami  osygen    are   known  f 

722.  Describe  cyanie  acid. 

41 
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the  air  at  a  red  heat;  oxygen  ia  absorbeil,  and  the  acid,  as  it  ib 
formed,  combines  with  the  alkali.  But  it  is  best  prepared  by 
heating  gently  cynnario  acid,  a  compound  to  be  hereafter  described. 

It  is  a  clear  tracspatent  liquid,  with  a  penetrating  odor  nol 
unlike  that  of  aceiio  acid,  aad  is  very  corrosive  to  the  fieah. 

emanates. — Cyanate  of  potflsh  is  prepared  by  teatiog  the  jeUow  pi'us- 
Elate  of  potash  (soon  to  ba  desoriljBd)  with  peroaWB  of  manganese,  and 
digeating  the  mass  in  alcohol.  It  is  a  white  oi'j'sialine  solid.  CyanaU 
of  ammojiia,  which  is  isomeric  with  urea,  is  formed  hy  bringing  together 
bydrooyanic  noid  gas  and  ammonia,  and  by  the  action  of  cjanate  of  pot- 
ash upon  sulpbate  of  ammonia.  It  is  also  contained  in  the  urine  of 
animals,  and  is  tlierefore  called  wea. 

TSa.  Cyanic  EtSer,  C.HjO.CyO,— Cyanic  ether  is  formed  by  distilling 
a  mixture  of  cyanata  of  potassa,  and  the  anlpbovinate  (907)  of  the  same 
base.  It  is  a  liquid  less  dense  than  water,  and  has  a.  ptuigent,  irritating 
odor.  Dissohed  in  ammonia,  it  forms  a  crystaline  compound,  CjHjNjOi, 
which  has  baen  called  ammoniaeai  cyonie  eiher.  Wben  this  substance  ia 
treated  with  water,  catbonio  acid  is  given  off,  and  a  new  substance 
formed,  called  cyamWAow,  having  the  composition,  G^^,^fi^ 

Treated  with  solution  of  caustic  potash,  cyanic  ethei  foi-ms  2  equiva- 
lents of  carbonate  of  potash,  aud  is  transfoinied  into  a  new  compound, 
called  ethylamine,  C^HjN ^ NHj,OjH,„  whioh  in  lis  [lopertiea  closely 
resembles  the  vogetable  alkaloids  (6ii3) 

724.  Fulminic  Acid,  2CyO,2HO  — Fulmmic  loid  has  not  as 
yet  been  obtained  in  a  separate  state,  nor  even  m  combination 
'«ith  water.  It  is  formed  by  pouring  alcohol  into  a  strongly  acid 
solution  of  citrate  of  mercury  or  silvei,  and  applj  mg  a  little  heat, 
if  necessary,  30  as  to  produce  brisk  cbulhlion.  The  acid,  as  it 
forma,  combines  with  the  osida  of  the  metal  uspd,  and  the 
metallic  salt  formed  is  at  once  precipitated.  By  digesting  a 
solution  of  the  metallic  fulminate  with  another  base,  as  potassa, 
the  fulminate  is  decomposed,  and  the  acid  tiansferrtd  to  the 

This  acid  receives  its  name  from  the  tendency  of  its  salts  to  explode 
Ti  1  ntly  I  y  h  at  or  fricHcn,  or  other  causes. 

F  Im  n  0  ao  d  IS  bibasic,  and,  like  other  acids  of  this  character,  forms 
iw  f    alta,  ^e  neutral,  which  contMna  2  equivalents  of  fised 

b  i  h  quivalent  of  the  acid,  and  the  aoid  salts  which,  for  eah 
\        1    t    f  a   d,  contain  1  equivalent  of  fised  base  and  I  equivalent 


ii„r,».n.i.». —  .Vhat  is  itrf.a?      723.   How  ia   cyanic   ether  formed? 
724.   lias  fiiiiiiinic  aoid  been  obtained  in  a  separate  state? 


Ho.led  by  Google 


OOMPOtrWDS  OF  CYANOOEN   AND    OXYOEN.  483 

735.  The  Fulminates. — There  are  several  fulmicates  known, 
but  those  of  mercury  and  siWer  arc  the  most  important.  The 
former,  fultihinate  of  marcnri/,  is  prepared  by  diasolving  200 
grains  of  mercury  in  an  ounce  of  strong  nitric  acid  by  the  aid 
of  heat,  and,  when  oolcl,  pouring  into  it  4  or  0  ounces  of  alcohol. 
The  mixture  siiould  be  contained  in  a  large  glass  or  eartheo  vessel, 
End  a  little  heat  applied,  if  the  action  does  not  commence  in  a  few 
minutes  after  adding  the  alcohol.  When  the  action  has  once 
commenced,  it  goes  on  violuntly,  without  the  further  aid  of  heat, " 
attended  by  the  evolution  of  white  fumes,  consisting  of  aldehyde, 
acetic,  formic,  and  nitrous  acids,  and  their  corresponding  vinio 
ethers,  and  the  deposition  of  the  solid  fulminate  in  small  crystals. 

The  powdor  thus  formed  should  be  immediately  well  waslied  nnd  dried, 
and  may  then  be  preserved  for  any  length  of  time,  if  kept  in  the  dark, 
but  is  acted  upon  slightly  by  lights 

Fulminate  of  mercury  is  a  brown  orystalioe  powder,  without  odor,  but 
having  a  stjplio,  metallic  taste.  By  slight  friction  with  any  hai-d  sub- 
sfcinoe,  or  by  a  blow,  or  by  the  contact  of  the  minutest  quantity  of  nitrio 
or  sulphnric  acid,  it  eipiodaa  witii  great  Tiolenoe ; — even  when  moist,  it 
will  often  explode  with  a  slight  blow,  and  should  therefore  never  bo 
touehed  witi  anything  hardei'  than  Wood  or  paper. 

726.  Fulminate  of  mercury  is  much  uBecl  for  filling  peroussion  eaps,  for 
exploding  fire-arme  ;  and  for  tMs  purpose  it  is  mixed  with  a  little  loss 
tJian  half  its  weight  of  nitre,  and  some  solution  of  resin  in  alcohol,  to 
c:iuKe  it  to  adhere  to  the  capsule,  and  to  prevent  the  action  of  the  lur. 

737,  Fulminate  of  Silver  is  prepared  very  nearly  in  the  sama 
manner  as  the  above.  A  dime  is  to  be  dissolved  in  about  2  ounces 
of  common  nitric  acid,  and  the  solution  diluted  with  2  ounces 
of  distilled  water,  and  then  2  ouMoes  of  alcohol  added,  and  the 
whole  mixed  well  by  shaking.  By  application  of  heat,  rapid 
ebullition  will  soon  commence,  when  the  heat  should  be  removed ; 
and  the  fulminate  will  be  gradually  deposited,  and  should  be 
immediately  washed  and  dried.  It  is  a  beautiful  white  solid,  aod 
should  be  handled  with  the  utmost  care,  as  it  explodes  most 
violently,  even  when  damp,  by  the  slightest  friction,  or  by  the 
mere  contact  of  sulphuric  acid. 

QuESTtOMS. — 725.  Describe  the  mode  of  preparing  fulinmatc  of  mer 
cuiy.  Doaoribe  its  properties.  736.  What  use  is  made  of  it  ?  727.  How 
\t  fulminate  of  silver  prepared  ?     What  ia  ita  oharaofert 
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It  is  very  improperly  made  the  Ijiisis  of  a  small  toy  called  a  torpedo, 
xhicli  ooi^ists  of  &  little  of  the  stilt  mixed  irith  some  grn.Tel,  <i.nd  done  up 
in  paper.     It  espIotlBS  merely  by  being  thrown  upon  a  hfti'd  substance. 

Fulnunates  of  copper  and  zinc  may  be  prepared  by  digeBting  the  ful- 
minates of  meioury  or  silver  with  these  metals. 

T2B.  Cyaimms  Acid,  BCrO,8HO. — Cyannrio  ncid  is  a  wWte  cvjstftlitie 
solid,  with  little  taste  or  odor,  and  may  be  eublimed;  but  a  part  of  it  is 
by  the  operataon  oonyerled  into  oyanicaeid.  It  ia  best  formed  by  lieating 
orea  and  digesting  the  mass  in  atrong  snlpkurio  acid,  adding  a  few  drops 
fnt)  a  dnntil  the  Bolntion  becomes  clear.  To  the  whole  then  add  an 
equ  I     Inme  of  water,  and  as  it  cools  the  acid  will  be  deposited  in  emat 

It       a  iribiieio  acid,  as  the  above  fonnula  indicates,  and,  like  othei 
t  bo^     a    la,  forma  with  bases  three  series  of  salts. 
(jj  n  did  is  an  isomeric  modification  of  this  acid. 

TSB  Cyanurio  Ether,  BC,Il50,  SCyO,  ia  prepared  by  distiiling  corefnlly 
am    t    e  of  the  oyaniirate  and  aulphoTinate  of  potassa.     It  ia  solid  at 

la    y  t  mperatures,  bnt  melts  at  about  185°,  and  boila  at  529°. 

B  led  f  r  some  lime  mth  an  alcoholic  solntion  of  potash  it  ia  dccom- 
p  d  y  Iding  alcohol,  ammonia,  and  carbonic  acid,  according  to  the 
1  It  w  nj,    qnatiijn : 

BC^H^O.-SCyO  ^-  12110  =  3<;,IIa02  +  3KH3+  6C0j. 


Compound  of  Cyanogen  and  Hi/drognn. 

730.  Cyanogen  and  hydrogen  form  one  oompound  only ;  wLiuhj 
however,  is  exceedingly  injportant. 

Hydroeyanie  Acid  (rrasbio  Acid),  C  N,H,  or  HCy  — Hjdio- 

cjamo  acid  is  pniwieJ  by  \iiifus  piocoaaes,  one  of  whi:,ii  is  to 

decoaipo'?e  ejinido  of 

meicury    bj    con<,en 

tiated       hjdioehlouo 

acid,  hy  the   aid   of 

heat   The  mixed  giscs 

are  pissed  through  a 

^&   tube   containing  first 

pieces  of  eatbonite  of 

lime,  to  separate  luy 

free  hydroohlorie  loid,  and  then  fn^ed  chloride  of  cilcium  to 

absoib  all  the  moisture,  and  the  hydrucyanii,  acii,  mixol  now 
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with  only  carbonic  acid,  is  condensed  iu  a  bent  tube,  Burroundod 
by  a  freezing  mistuve,  the  carbonic  acid  escaping  into  the  air. 

Pure  hydrocyanic  acid  is  a  limpid,  oolorlesa  liquid,  of  a  strong 
odor,  similar  to  that  of  peach-blossoms,  Ila  specific  gravity  is 
about  0-70.  Its  point  of  ebullition  is  80°,  and  at  5°  it  congeals. 
When  a  drop  of  it  is  placed  on  a  piece  of  glass,  a  part  of  it  becomes 
solid,  because  the  cold  produced  by  the  evaporation  of  a  portion 
is  so  great  as  lo  freeze  the  remaiodei'.  It  unites  with  water  and 
alcohol  in  every  proportion. 

Hydrocyanic  acid  is  a  powerful  poison,  producing,  iu  poisonous 
doses,  insensibility  and  convulsions,  which  are  speedily  followed 
by  death.  A  single  drop  of  it  placed  on  the  tongue  of  a  dog 
causes  death  in  the  course  of  a  very  few  seconds ;  and  small 
animals,  when  confined  in  its  vapor,  are  rapidly  destroyed. 

The  pure  acid  deoompoBeB  Bpontaneonsly  wb«n  long  kept,  especially 
if  cspoaed  to  the  light;  but  if  Ini^ely  diluted  with  water  it  may  be  pile- 


s' /pho  J     ales  or   S   !p}o  ja      lei 

31    rie  s  Il'^o  J  or  a  7/7    y   n   7es  con  1 1   te   a  el     a 

of  compou   ds   CO  re  p  nJ  ng   to   the   eyanates  W  th   the   osyjjOti 

pi      d  by  &  Ijhur       Th  s    th     c  uijo    ton   of   c^     at     of 

potassa,  IS  KO,0yO,  while  that  of  the  sulphocyanate  is  KOjSj  = 

KS.CjS. 

733.  Snlphooyanats  of  Potassium,  K,CySj  =  KS,CjS.— This  ia  properly 
a  sulphur  salt.  It  is  ohtained  by  making  a  mixture  of  46  parts  of  ferro- 
cyanideof  potasaum,  ITpactaof  pearlash,  andl6of  sulphnr,  and  melliue 
them  together ;  and  when  the  whole  has  cooled,  diesolYing  out  lie  aulpho- 
cyanatB  by  hoiling  alcohol. 

It  is  a  solid,  and  orystaliiea  in  long  prisms,  which  are  without  color, 
and  dBliq.neao6  in  tha  open  tuc.     It  is  used  as  a  dehcata  test  of  iron. 

r33.  Sulphoeyanio  Acid,  HCyS,  =  H3,Cy8.  — This  aoiJ,  called  also 
kydi-osalphocj/anic  acid,  is  prepared  by  distiiling  aulphocyanato  of  potassa, 
with  phosphorio  acid.  It  is  a  colorless  liquid,  of  a  sour  taste,  and  forms 
with  peroiidc  of  iron  salts  of  a  deep  reel  color. 

QoBSTiOMS. — What  iire  the  proportios  of  hydrooyauio  acid!  Is  it  used 
JQ  medical  pi-aoticot  731.  Whatissaid  of  the  snlpbooyanates?  732.  Mow 
is  Bulphocynjiate  of  potassium  foiincd  J     7B3.  Sulphooyanio  aoid  ? 
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Meilm,  C^Nj,  is  a  yellow  insolublo  compound,  obtained  by  dlHtilling 
snlphooyanate  of  potuBaium  in  an  atmosphere  of  chlorine.  It  is  capable 
of  combining  witt  metals,  forming  eomponnds  wliioh  are  oivlled  inol- 
lonidea.  Mdam,  C,iH,,Sg,  is  a  grayish-white  powder,  proom-ed  by  de- 
oomposing,  by  hent,  the  snlphooyanate  of  aiumoiiia.  Melamine,  CjHjNj, 
reeults  from  the  actioo  of  solution  of  potash,  at  a  btiling  heat,  upoi 
melam.  It  is  a  transparent  solid,  scarcely  soluble  in  water,  if  cold,  bii 
rerysoloble  in  boiling  water.  When  dry  it  mny  be  sublimed.  At  tie 
Biune  time  with  the  compound  just  described  is  formed  ammtlme,  CgH^.O^, 
a  basic  substanoa,  capable  of  oombining  with  the  nitric  and  other  acids, 
to  form  salts.  It  crjstaliaaa  in  fins  silky  needles.  AmmelidB,  C,;HjNpOj, 
is  formed  by  boiling  ommeline  in  some  acid ;— it  is  a  wMte  oompouud,  . 
insoluble  in  water  and  alcohol,  and  possesses  little  interest. 


(Joinpounds  of  Cyanogen  and  the  Mcfah. 

735.  Cljaaogen  combines  readily  witli  nearly  all  the  metals  j 
but  a  few  only  of  the  more  imjiartaut  of  the  compounds  thus 
formed  can  bo  here  noticed. 

736.  Cyanide  of  Potassium,  K.CjN",  gs-  KCy.— This  compound 
is  best  prepared  by  heating  in  a  covered  crucible  8  parls  of  yel- 
low pruasiate  of  potash,  and  adding  three  pails  of  pearlash,  both 
being  first  well  dried.  On  the  large  soale  for  the  manufacture 
of  prussiate  of  potash  above  mentioned,  it  ia  prepared  by  heating 
together  in  an  air-furnace  animal  charcoal  and  pearlash.  This 
cyanide  thus  formed,  acting  afterwards  upon  iron,  or  oxide  of 
iron  present,  produces  the  yellow  prussiate  soon  to  be  described. 

Cyanide  of  potassium  is  largely  used  at  Uie  present  tinie  in  the  pro- 
cesses of  Riding  and  plating  by  means  of  gaWanism. 

737.  Cyanide  of  Mercurp,  KgCy,  is  prepared  by  ponring  a  hot  solution 
of  nitrate  of  silver  intfl  a  hot  concentrated  solulion  of  cyanide  of  potns- 
Eium,  and  purifying,  by  reorystalizalion,  the  solid  cyanide  of  meroury 
wMcli  is  deposited  when  the  mixed  solution  cools.  It  has  already  been 
mentioned  as  affoi'ding  a  ready  means  for  prccuiing  cyanogen. 


QncsTiOKS  — 73i  What  olter  compounds  are  mentioned  as  derired 
from  the  sulphoLyanates'  735.  What  is  said  of  cyanogen  in  relation  tuit 
the  metals'  73b  How  i'  cyanide  of  potassium  formed  ?  IVliat  use  is 
m  d  if  it'  T37  l\li,t  to  3!iid  of  cyanide  of  murourj?  738.  Cvanide 
of  hdi  Li  ' 
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Inblo  ia  ■water,  but  is  eoluMe  in  aqua  ammonia,  and  In  Eolation  of  nitiate 
of  mlver. 

By  modsB  altogether  similar  to  tba  ftbova,  the  ojanides  of  gold,  zinc, 
eobalt,  nickel,  leiiJ,  copper,  palladium,  &c.,  maj  be  procnred,  but  the 
corapomidB  aie  not  hi,ie  described. 

Double  Gyan  ides. — Foh/cyanides. 

739.  Neai-ly  all  the  metallio  cyanides  are  remarkable  for  tliei. 
tendency  to  combine  with  each  other,  so  as  to  form  double  cyan- 
ides. This  is  especially  true  of  the  cyanides  of  iron,  but  many 
others  of  the  class  show  the  same  tendency. 

740  Hydioferroeyanic  Acid  Fcf y "nC>  =  Hi(  TaFe— Ths 
ac  d  13  he'it  prepiied  by  n  ix  n^  a  siturited  ■iclution  of  jellow 
piuibiate  ot  J  tash  with  strong  hydrochloric  acil  free  fiom  con 
tact  With  the  air  and  then  adding  a  smill  quant  t;  of  sulphurio 
ether  The  acid  vt  it  onoe  precipitated  in  small  while  crystals 
which  are  to  be  collected  ind  dned  in  a  vicuam,  after  being 
washed  with  ether 

Thia  aoii  may  be  proserrei  any  length  f  t  me  free  from  contact  with 
the  aiT  and  mo 'it  11  e  but  in  the  iirit  is  gralmilj  dd-oraposp  I  ka\ug 
d  residue  of  Pi-uasian  blue.  It  acts  readily  upon  tlit  mutjla  and  ruotallio 
osides,  prodneing  feirocyanidea. 

741.  Ferrocyaiiide  of  Potassium. —Yellow  Pmssiate  of 
Potasaa— 2KCy,PeCy,3HO  =  E,CysFe,3H0.  —  This  compound 
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ferrocyanide  of  potassium  is  a  crystaline  solid,  of  a  leinou- 
yellow  color,  very  solubla  in  water,  but  insoluble  in  alcohol  and 
ether.  It  is  much  used  in  the  arts  as  a  coloring  substaoce,  and 
as  an  important  reagent  in  the  laboratory  of  the  chemist. 

Many  other  ferrocyanidos,  as  lliose  of  sodivim,  faaiiam,  cnloium,  So., 
Jiiust  be  pasisod  bj  nunoticeii, 

742.  Hydroferrideyanic  Aeid,  3HCy,Fe2Cyj  =  HaCye,£'o2.— 
This  compound  is  prepared  by  passing  a  current  of  hydro-sul- 
phurio  acid  gas  tbrougli  a  newly  prepared  solution  of  ferrid- 
ejauide  of  lead.  It  is  obtained  in  crystals,  which  aie  soluble  in 
water,  and  have  an  acid,  astringent  taste. 

It  may  be  considered  as  a  compound  of  8  equivalenta  of  hydiooTanio 
acid  witii  eeequioyaiiide  of  iron,  na  indicated  bj  tlie  liist  of  the  alovo 
formula,  or  aa  a  compound  of  8  equiyalenta  of  hydrogen  with  the 
aasumed  radical  CyjFej,  aiS  indicated  by  tJie  second  foimula 

743.  Ferrideyanide  of  Potassium. — Bed  Pinssiate  of  Potash 
3KCy,Fe20y3=IC30y6Fe2. — Eed  prussiato  of  jotash  is  piepired 
by  passing  a  current  of  chlorine  through  a  soluliou  of  tiie  yell  w 
prussiate,  until  it  ceases  to  give  a  blue  pieupitate  with  solutun 
of  the  persalts  of  iron,  and  evaporating  tbi,  solution  until  ctytj 
talization  takes  place. 

The  action  of  the  chlorine  is  to  separate  trom  2  equivalents 
of  the  ferrooyanide  one  equivalent  of  potassium  thus  foiming 
chloride  of  potassium  and  the  oompouud  in  question  Thus 
2(2K0y,FeGy)  +  CI  =  3K0y,Fej0ya  +  KCl  the  witn  always 
contained  in  the  crystal  of  the  ferrooyanide  being  omitted 

The  crystals  belong  to  the  trimetric  system,  are  of  a  i  d  color, 
and  readily  burn  when  held  in  the  fiame  of  a  candle  They  are 
partially  soluble  in  cold  and  very  soluble  in  boiling  water,  but 
insoluble  iu  alcohol. 

Sometimea,  during  the  process,  the  solution  become.i  green,  by 
the  formation  of  the  magnetic  cyanide  of  iron  (FeCyjFojCys), 
whioli,  however,  disappears  by  boiling  with,  a  little  caustic  potassa. 

Fen'idcyanide  of  potassiuia  forma  oharaateristio  colors  with  eolutioas 
of  seTeral  of  the  metola,  produoing  with  tliem  precipitates  in  wliioh  tbe 

QnEBiiONS. — Wiiat  use  is  made  of  ferrooyanide  of  potassiiun  ?  742.  How 
may  hydrofemdoyanic  acid  be  procuvod  ?  Ofwhatiaitoompoeed?  743.  De- 
Boribe  the  red  Piiisaiate  of  potash.  What  is  said  of  the  colors  produced  l)y 
IhtB  oompound  with  metallic  solutions? 
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n  of  the  femdcyanide  is  replaced  by  an  equal  nnmbei'  of  equivi 
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y.;:\t  of  the  peroxide  19  made  iise  of,  tills  is  not  required. 

The  Prussian  bine  of  oommeroa  is  very  soluble  in  solntion  of  osiilio 
iiuid,  and  a  good  bine  wriHng-ini  is  prepared  from  it. 

Prnssinii  blae  reoeives  its  name  from  the  fa«t  tlmt  it  was  Srst  matle  a( 
Uorlin,  Prussia,  about  the  year  1710.     It  ie  sometimaa  called  Berlin  blue. 

The  oompouad  jnst  described  aa  tie  ordinary  Pmssian  blue  of  eom- 
luerce,  is  probably  a  miituce  of  soTera!  different  cyanides  of  iron. 

TitrnbuU's  or  Paris  hlue,  SFeCjiFejCya,  ia  a  defioite  com- 
pound ;  it  ia  best  prepared  by  mixing  a  solution  of  the  red 
I'russiate  of  potasb  with  solution  of  &  protosalt  of  iron,  the  3 
equivalents  of  potassium  in  tbe  Prussiate  being  replaced  by  3 
oquiyalents  of  iron.  Its  color  ia  less  intense  but  more  clear  than 
that  of  the  ordinary  Prussian  blue.  Its  formula  may  be  written 
l'-e,OjeFe,. 

By  precipitating  solution  of  pernitrate  or  perobloride  of  iron 
with  a  solution  of  yellow  Prussiate  of  potash,  a  definite  compound 
is  also  formed  aonietimas  called  neutral  Pnnsian  hive,  or  sesqui- 
furriet/anic/e  of  iron,  or  hi/erridci/anule  of  iron.  Its  composition 
is  3FeCy,2Fe20ya.  This  probably  constitutes  the  chief  part  of  the 
common  Pruaaiaa  blue  of  commerce. 

Qdbstions.— 744.  What  is  said  of  the  Pi-nssi.in  bines!  liow  rany  a 
bhiH  writing  ink  be  forniBd  from  Prussian  blue?  May  otlier  Fiusaian 
blues  be  foi'med  ? 
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Auother  oompoimd,  called  lasie  Prussian  blue,  is  forraetl  by  pre. 
cipitaling  a  protosalt  of  iron  with  solution  of  fcrrocjanide  of 
potassium,  a.nd  espoaing  the  white  compound  thus  obtainad  for 
some  tittle  to  the  action  of  the  air  for  the  absorption  of  oxygen, 

Sevornl  other  similar  cyBnio  oouipounds  of  iron  are  knoTTii,  oalled 
lolitble  Prussian  blues,  but  they  oaimot  here  be  particularly  described. 

?45.  Cobaltoeyanides. — Several  other  metals,  as  cobalt,  nickel, 
and  mercury,  enter  into  oombxnation  with  cyanogen,  forming  com- 
pounds  in  which  these  metals  perform  essentially  the  same  office 
as  the  iron  in  those  of  the  above  list. 

746.  Hydroeobalioa/ame  Acid,  SHCy.CojCyj^ HjCyaCoy  is  ohtaineil 
V>y  decomposing  cobiltoeyanida  of  lead  by  hydroaulphoiie  acid,  sepa- 
rating tha  sulphide  of  lead  by  filtration,  and  then  evaporating  so  ae  to 
ci'yatalizo.  The  oryatala  Uius  prooureil  are  colorless  and  fibrous,  and 
Tei'j  insoluble  in  water.  The  solutiou  has  a  very  sour  taste,  and  acts 
readily  upon  the  alkaline  carbonates  with  effervesoenoe. 

It  \rill  be  seen  that  this  compound  corresponds  lo  the  hydroferridoyauic 
acid  of  the  iron  seiies  of  cyanic  compounds.  Like  that  acid,  too,  it 
is  tribasic. 

74T,  CobaUicyanide  of  PolassiuM,  SKCy.CojCya^KaCyjCoa,  is  formed 
by  dissolving  cobiilt,  or  its  oarbonnte,  or  cyanide,  in  solution  of  cyanide 
of  potassium  containing  excess  of  hydrocyaiiio  acid,  a^d  CTaporating  so 
as  to  erystolize.  It  ivill  be  noticed  that  the  compound  is  altogether 
analogous  in  composition  to  the  farridojanide  of  potassinrn,  with  which  it 
is  also  isoroorphoua.  The  crystals  are  of  a  yellowish  color,  and  are  very 
soluble  in  water,  forming  a  colorless  solution. 

Very  wany  other  matallio  poljcyanidoa  are  known,  as  the  plalino- 
cyanides,  aurocf/amdei,  argcnlocitamdes,  mercurioet/anides,  &e.,  but  it  would 
extend  our  work  too  much  to  describe  them. 


ALBUMINOUS,    OK    PROTEINE    COMPOtJNDS. 

748,  These  compounds,  three  in  number,  Mejibrine,  albumen, 
and  cateim.  They  are  found  both  in  vegetable  and  animal 
bodies,  and,  like  sugar,  starch,  and  woody-fibre,  are  capable,  in 
certain  circumstances,  of  being  converted  into  each  other.  They 
are  believed  to  be  compounds  of  a  proximate  principle  called 

QuESTioss. — 745.  What  other  motsila  form  cyajiidea  aimilnr  in  llieir 
priipertiea  to  ihose  of  iron!  748.  Describe  hydrocobaltocyanio  acid. 
7'17.  Describe  cobaltocyanida  of  potassium.  Ate  thera  other  metallic 
(lulycyanidos ;     748.  What  are  the  olbnminons  orproteine  compounds  V 
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proteint,  (jyroteuo,  I  am  first),  and  having  tbe  composition, 
C«Hj|NjO|3.  Its  real  eoniposition,  however,  cannot  be  eonsidered 
as  settled 

lo  oltain  proteioe,  albumen  or  caserne  la  to  be  digested  sue 
cesEively  in  Wiler  alcohol,  and  ether  in  older  to  separate  every 
tlung  that  IS  soluble  in  these  liquids,  and  the  mass  that  reman  a 
la  to  be  soaked  for  a  time  m  diluted  hjdruchloric  acid  jnd  th  u 
diaaclved  in  a  weak  solution  of  caustic  polish  Fiom  this  acet  j 
ai*id,  eautioasly  tdded,  precipitates  the  proteine 

As  thus  obtained,  pioloinc  is  i  white  inodoioua  solid,  which  is 
insoluble  lu  water  or  aleohf  1,  and  la  capable  of  forming  difterenl 
compounds  both  with  acids  and  bases  l<iom  its  icid  compoumla 
It  IS  reidilj  precipitated  by  tmnic  acil,  with  which  it  forms  in 
insoluble  compound,  hj  ferroojanide  of  pota=smm,  ind  by  tl  c 
alkalies 

In  the  open  air  it  ro]  idly  al^orbs  m  i=ture  ai  d  beonmos  a  gelatine  la 
niiias  ani  b;  hesit  ii  icoaiupasol  exhibiting  tlie  phenomoui  u^tuallr 
fttten  Img  the  c  mbnoti  n  ot  mtiogenized  bodies  It  leori.3  no  resi  1  le 
ttft«r  ooinbui-tDn 

749  Fibiliie —Gluten —Fibrine  receives  its  name  from  tie 
circum'itiince  that  it  unters  laig  ly  lulo  the  composition  of  tie 
muscular  fibre  of  the  animal  system 

It  IS  beat  obtained  by  whipp  ng  a  quantity  of  fiesh  drawn  bio  \ 
with  a  bunch  of  twiE;",  until  it  coiguHtes,  and  thou  i^aiefully 
washing  with  water  tbe  strinciy  ma  s  thus  obtained  '-ubst 
quently  It  is  to  be  washed  with  alcohol  and  etjier,  to  remoie  all 
fatty  mitti,r  idheiing  to  it,  and  diied 

When  thus  obtiined,  fibnre  la  a  yellowish  opiLe  m».^,  which 
IS  quite  inwluble  in  water,  alLohol,  or  ether  When  1oq&.  digeste  i 
in  water,  at  a  very  hi^h  temfei-iture,  a  small  propoition  is  dif 
solved,  but  alight  dnom position  alio  talies  place  It  is  n  t 
soluble  m  the  aeidi,  but  dissjlves  readilj  in  dilute  solutions  of 
tie  alkalies 

Fibnne,  obtained  in  the  above  manner  Irom  venons  and  aiteri.il 
blood,  does  not  appear  to  be  exactly  the  same  in  all  its  properties ; 

QuESTioss. — Is  the  c  mpoa  t  on  of  prota  ne  known  with  certainty? 
Ilowmay  it  be  obta  ed  What  i  a  ts  p  o  tea?  749.  From  rehfit 
does  libriiie  derive  ts  name  How  nay  t  be  procured?  Is  it  tlic 
BStne,  Thothor  cbtaii  ed  from  venous  oi  a  te   itl  b  ood? 
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its  nime  Like  fibnne,  it 
the  whiter  uf  eggs,  seriiio 
-and,  as  a  «oIidj  m  the  biaia 
teda  ot  phuta  The  litter, 
33  aUogethei  idonticdl  with 


oftheb     d  h  f  b 

and  nerves  of  animals,  and 
called  vegetable  alhumen,  is 
that  of  animal  origin. 

Liquid  albumen  may  be  coagulated,  oi  solidified  m  vanous 
waya,  aa  by  hoatiog  to  a  temperature  of  140",  oi  more,  Oi  by  tbe 
action  of  ebemioal  reagents,  as  alcohol,  tannic  acid,  cuiro&ive  sub 
li mate,  and  creosote;  but  when  once  coaguhted  it  cinnot  be  re 
diaaolved.  As  it  forms  an  insoluble,  and  tbeiefore  inett  com- 
pound with  corrosive  sublimate,  it  is  considered  a  good  antidote 
in  cases  of  poisoning  with  the  latter  substance. 


iia,t  ia  saici  of  tlie  juice  of  cai'tain  roots,  as  those  of  beets, 
tarnips,  &o. !  T50.  What  is  gluten?  Wiiat  fs  jeast?  761.  DosoriJjo 
albumen. 
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TegBtaMa  alljumen  ia  found  in  tlie  leavos  aniJ  atal!:s  of  plants,  and  in 
h  and  in  some  casea  in  the  roots.    As  obiained  from  plants,  it  is 

m  m  wHte,  but  is  often  oolored.  It  is  ooutiined  in  considerable 
qn  Q  wood,  aud  baa  great  inflnencs  in  causing  it?  deoay.     It  is 

h  9    ounl  that  wood  which  has  been  saturated  with  a  eolutiou  of 

ublimato  is  rendci-ad   more  lasting  when  subjected  to   the 
jnfl  f  Uie  atmosphere  and  moisture  (601). 

752  Caaeine—Legnmme— Caserne  in  many  of  its  propt-rtit,* 
elo  oly  resembles  ilbumen  It  is  mo-t  readily  obtained  from 
inilkj  inl  deiiTi,a  Its  nima  Jrom  lOieum,  curd  A  very  litilo 
Fulj  hurio  acid  stiired  in  some  slximraed  milk  cauies  it  to  ooaj,u 
late  in  a  sboit  time,  and  the  curds  so  formed  bping  well  washed 
witli  water,  and  digested  for  a  time  with  carbonate  of  baryta  to 
sepirate  the  acid,  iftord  the  puie  onaeme  When  dried  it  is  but 
slightly  soluble  in  ■water,  but  very  soluble  la  solutions  of  the  ilka 
lies,  or  alkaliae  o^tbonites 

Leymnme,  believed  to  be  identical  with  the  caseine  fiora  milk, 
13  procuied  from  peis,  beans,  and  other  similar  seeds,  by  bruising 
them  in  watei,  and  straining  through  %  fine  ^eve,  the  liquid 
whioh  passes  through  la  a  solution  of  this  sub^tan^e,  and  contains 
some  stirch,  which  "^ettlea  by  standmf;  Tho  supernatant  liquid, 
beiag  pDured  off,  possesses  all  the  chirieters  of  '.kimmed  m  Ik, 
and  fiom  it  the  le^^unime,  or  vegetable  ca&eine,  may  be  procuied 
in  the  same  minnei  is  fiom  milk 

Casoine,  m  milk,  is  held  ii  solution  by  free  Ik  1  p  [  — 
it  IS  not  coagulated  by  heat,  like  albumen,  but  It  d  ly 

by  the  action  of  <  imet,  or  by  acids,  except  the  pi     pL 

The  three  important  oompounda  above  described  v         11  mbl 

eaoh  other  in  many  of  tlieir  properti«a,  aa  well  as  i  mp  aiti  n  b  t 
they  are  at  tbe  same  time,  in  other  properties,  t    lly  d  ff 

Fibrine  ooagnlatos  spontaneously  by  standing,  but  th       h     tw        t 
this  change  only  by  tbe  applioaUon  of  cerbun  agent       Alb  in  t 

coagulated  by  aoitte,  nor  by  rennet,  but  coagulates  by  b    t  by        t    t 
of  alcohol,  and!  some  of  the  metallic  salts,  and  other  o     p     nd       C 
does  not  coagulate  by  lieat,  nor  by  alcohol,  but  ia  r    dily       g  1  ted  by 
moat  of  tbe  acids,  and  by  rennet.     Probably  what  is  d      d      1  q    d 

oaseiue  ia  only  the  substance  held  in  solution  by  an  alkali;  and  Hid 
coagulation  of  it  by  an  aeid  results  from  the  neafralizalion  of  the  alkali 
by  the  acid. 

QuEBTiOBS. — In  what  porta  of  plants  is  Tegetable  albumen  contained  ! 
752.  Describe  caaeine.  Describe  legnmine.  How  is  caaoino  coagnlatcd  ? 
How  are  fibrine  and  albumeu  coagulated! 
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Eaoh  of  tliese  subsbinces  appears  nlvrajra  to  coniain  a  small  quantity 
of  sulphur ;  and  fit)rine  and  albumen  contain,  in  addition,  a  tittle  plios- 
phqruB.  Docomposed  by  lieaHng  with  noids  or  othar  reageute,  they  affopit 
very  tompJex  results. 

When  kept  for  a  time  tbey  undergo  spontaneous  decompostion,  and  in 
oartain  circumstances  also  induce  peculiar  cliang  '  th  organic  cc  m 
pounda,  aa  ia  the  produotion  of  tlie  alooholic  and    th     f   ni        t 

Being  so  nearly  tlie  same  in  composition,  ifntbltlyd  t  1  t 
is  altogethsp  probable  that,  both  in  vegetabl  i        m  1     f     [       t 

transformations  of  one  of  these  substances  int  tk     t  k    [  1        1 

means  and  processes  not  yet  understood. 


CHEMICAL  PHBNOMEKA  OE  VEGETATION. 

753.  Gei-mmatwTi  is  tlie  process  by  vihioh  a  new  plant  oii- 
ginates  from  seed.  A  seed  consists  csaentiallj  of  two  parts,  the 
germ  of  the  future  plant,  endowed  with  a  principle  of  vitatltj, 
and  the  cotyledons,  or  sned-lohes,  both  of  whioh  are  enveloped  in  a 
common  covering  or  cutiole.  In  the  germ  two  parts,  tbe  radidi: 
and  plumula,  may  be  distinguished,  the  former  of  which  is  des- 
tined to  descend  into  the  earth  and  constitute  the  root,  the  Uttor 
to  rise  into  the  air  and  form  the  stem  of  the  plant.  The  office 
of  the  seed-lobes  is  to  afford  nourishment  to  the  jouug  pkut  uniil 
its  organiaation  is  so  far  advanced  that  it  may  draw  materials  for 
its  growth  from  extraneous  sources. 

The  conditions  necessary  to  germination  are  threefold;  namely, 
TO  tem  d        p  giis, 

Th  sa  m  h  d  by 


A  d  w    m  h  ss  u  stare. 

m  ta  W      mp  and 

tem  h  b         g  w  d  tallty 

se  T     m  b       mp  g    m    ation 

of  most  seeds  is  between  60    and  80  , 

In  tlie  process  of  incipient  geraiination  a  kind  of  saccharine  fermentri- 
tion  (B5S)  takes  plane,  by  which  nutriment  is  supplied  for  the  younw 

QuESTiOKS. — 753.  What  are  tho  assentitJ  parts  of  a  seed  ?  Degcribc 
the  process  of  germination  in  a  seed!  What  are  the  conditions  ri-quired 
for  healthy  gerniinatioo  t 
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plant  during  the  early  stages  of  its  growth.  This  seems  to  be  oooiisioned 
hy  the  influence  of  the  active  principle  diastriae,  which  is  not  pFe-existent 
in  the  seecl,  but  is  formed  by  the  acljon  of  the  air  and  moietura  on  the 
substances  contained  in  it.  When  the  prooeaa  of  germination  is  over,  tlie 
plant  is  found  proTided  with  the  necessary  organs  for  procuring  its  nutri- 
ment from  the  atmosphere  and  soil;  and  there  reniaiiis  of  the  seed  only 
its  ligneous  husk,  which  Bometimea  perishes  in  the  ground,  but  at  otiiera 
rises  to  the  surface  and  performs  for  a  time  the  functions  of  leaves, 

?54.  Respiration  of  Plants.  —  Assimilation  of  Carion.  —  We 

c     )  b 


quaiiHtj  of  oxygen  evolved,  is  muoh  greater  than  that  absorbed.  Very 
many  plants,  it  is  believed,  receive  a  large  part  of  the  carbon  they  ocn- 
tain  from  the  atmosphere,  while  some  few  probably  reoeive  (lie  whole. 
Others  derive  a  part  from  the  soil. 

Now  it  is  not  difBeult  to  trace  some  of  the  further  changes  which  no 
doubt  take  place  in  the  plant.     All  tie  softer  parts  of  most  plants  con- 

QuBStlONS.— 75*.  What  is  meant  by  the  respiration  of  plants  ?  What 
diBcront  effects  are  produced  upon  tJie  atmosphere  by  the  respiration 
of  plants  and  animals  !  Does  the  absorption  of  carbonic  acid  take  place 
op'y  in  the  light  ? 
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tain  abundance  of  starch  ;  even  in  the  tubes  and  cells  of  orilinary  iioofl 
it  is  found.     This  ia  so  olosely  allied  to       ar  gum       d  w    dj  fib  d 

the  tranaformationB  of  them  from  one  th  a^y  Ui  t  w    my 

BupposB  them  to  be  constantly  taking  pi 

The  other  numerous  eecondary  prod  ts  tli  g  t  1 1  1  is, 
coloring-matters,  &o.,  -which  character  pi  t  myb  fmdfm 
starch  during  the  inTerse  respiratory      b      j  i..t    11  ded  t  nh   h 

oarbonio  aoid  is  ^ven  off,  and  osyge      b     bdfmth      tmph 
During  the  day  the  assimilating  power   f  th   pi     t  d 

bonio  aoid  is  rapidly  absorbed,  and  oxyge  evolyed ,  but  during  the 
night,  while  the  plant  is  in  repose,  this  nutritious  action  censes,  and  a, 
different  process  commenoea,  during  which  the  yarious  snbstanoes  natural 
fo  the  plant  are  elaborated,  attended  by  the  absoi'ption  of  oiygan  from 
the  atmosphere,  and  the  evolution  of  carbonic  acid  and  water.  Thia 
change  is  well  illnsfrated  by  certain  plants,  as  the  cacalia  fieoidse,  the 
leaves  of  whieh  are  bitter  in  the  eToning,  bnt  in  the  morning  are  sour, 
lilie  those  of  sorrel.  During  the  night  oxygen  has  been  absorbed,  and 
tin  aoid  genei-ated  from  materials  that  were  combined  the  eroning  preyioua, 
ia  a  different  mode 

Nitiogen  la  an  essential  ingie  U  nt  in  mmy  of  the  pi  jduLta  of  plinth  — 
it  IS  believed  to  be  obtaine  i  chiefly  fiom  the  soil 

155  Inorganic  Cnn'^lituenls  of  Plants  — Besidts  tlie  eub- 
atanoea  winch  form  'he  nrganic  matter  of  plants  various  mor 
ganio  bodies,  aa  alka  ine  and  eaitby  salts,  are  usuaJly  found 
contained  in  them,  and  no  doubt  serve  an  important  purpose 
Jf  a  I  lant  is  maie  to  ve^eCat«  in  a  soil  containing  m  it  small 
quantities  of  seTeril  salts,  we  find  thit,  while  it  continues  its 
liLiltb  it  seems  to  exercise  a  rem^rlnble  discietionary  power, 
db  orb  ng  som  ,  %n  1  reieeting  otherb  Xhose  abscrbed  most 
fieelY  aio  suet  as  ire  required  for  its  proper  growth,  and  are 
n  t  given  up  tD  tin,  water  m  which  the  plant  may  le  immersed, 
TV  bile  some  are  ibsorbed  and  ^^aio  gnen  off  and  others  still 
aie  entiielj  rejected,  as  being  injurious  Most  plants  contain 
a  small  quantity  of  some  salt  of  potassa,  which  exists  as  %  cir 
bonate  in  the  ashes  resulting  fiom  their  combustion,  but  plants 
th-it  glow  near  the  sea,  or  spimgs  of  salt  water,  usually  contiin 
Bod't  instead  of  potassa  Silica,  hme,  magnesia,  &c ,  aie  also 
often  contained  in  plants 

is  these  morglnio  sub'tmces  are  nccpssaiy  f)r  the  proper  growth 
of  plants  and  all  plants  do  not  lequire  the  same  sib'tanoe  it  is  phui 
that  a  particular  plant  can  he  expected  to  flourish  only  in  soils  containing 
tlio  subatanoes  it  reqmres 

QuEsiiOHS. — Is  niti'ogen  assimilated  by  plants!  Fi'Om  what  is  it 
dei'ivod!  765.  What  are  the  inorganic  constituents  of  plamts!  Do  dif- 
ferent plants  absorb  tory  different  aubstanoes  from  the  soil  f 
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EtjLuces,  thair  ivliale  benelit  is  impnrtei  to  the  orop  immediatelj  sucoeed 
iug  their  application;  but  organic  subslancea,  whioli  decay  but  slowly, 
yield  s,  more  permanent  benefit:  their  nilrogen  is  gradualij  OTOlveil,  and 
tbougU  iittlo  benefit  at  firat  appears,  the  soil  is  at  length  found  to  be 
essentially  improved. 

758.  In  healthy  regefation,  light  serves  a,  most  important  purpose; 
Indeed,  without  it,  no  plmt  could  come  to  perfection,  A  plant  lYhioh 
grows  in  dartnosa,  03  in  a  cellar,  however  ricli  may  ba  the  soil  in  which 

QuKSTiONS, — 766.  What  are  manures  ?  Explain  (ho  difierent  modes  in 
which  manures  oporiite  to  produce  Iheii'  efl'ects?  758.  What  is  said  of 
(ho  importance  of  light  to  healthy  vegetation  ? 
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it  stnnda,  remains  soft,  its  color  pale,  ami  its  woody  fibre  unformed. 
When  brouglit  to  Uie  light,  it  perhaps  inereasea  in  volume  lesa  rapidly, 
but  the  healthy  action  of  the  organ  at  once  eoramenoes ;  tho  green  color 
:ippeftrs,  and  all  the  parts  of  the  plant  begin  gradually  to  adyaneo  to 
maturity. 

COMPOSITION    OF    THE    AKIMAL    TISSUES. 

759.  I5y  the  animal  tissues  we  understand  all  the  various  solid 
found  in  the  system  not  except    ^  tl  e  bones  and   ee  h, 

T/ie  Muscles. — The  muscles  i  e    he  orf.ana  of  motion  to  the 
animal,  and  they  aet  s  lely  by  the  r  contract  ons    which  take 
place  at  the  will  of  he  in  mal      The  r  structure  a  always  fibroua, 
und  m  the  maiiin  al     they  are  of  •»  rel  color  and  receive  from 
the  ciicuUtion  a  large  supplj  of  blood      The  cl  ef  substances 
contained  la  them  arefibine  albumen  inl  gela  ne      The  two 
Jatter  aubst  noes  are  eon- 
la  ned    ch  efly    in    the 
membrane 3    which    en- 
velope the  fibres. 

The  ace  mpanyingfig- 
M  e  repre  enta  a  piece  of 
muscle  and  shows  its 
fibrou  atru  ure.  When 
t  ien  f  om  the  animal 
and  dried  at  a  rao  lerate  temperatu  e  cont  Jcts  greatly  by  the 
loss  of  water,  and  ts  w  ght  js  e  en  u  1  j  r  duoed  to  one-fourth. 

760.  The  Vartil  gs  Sk  a  d  Mnl  a  es— The  eartUages 
appear  to  have  essent  illy  the  same  compos  t  on  as  the  skin  and 
the  membranes  generally  They  are  all  composed  of  gelatine 
and  cJiondrine,  both  of  wb  e!  i  e  en  rely  d  ssolved  by  long  oon- 
tiiiued  boiling,  an!  f  m  w  h  w  te  i  nsp  eut  elly.  Their 
exact  composition  has  not  been  f  Uy  dete  m  ed  Chondriae  is 
most  abundant  in  the  car  la^  s 

The  common  gl  e  of  commerce  s  3  ed  geht  ne  and  is  pre- 
pared by  boiling  cutt    ^,3  of  parcbmen  the  sk    a,  eara,  and 

QiiHSTioKs.— 769.  What  n  e  tho  m    c  0   0  n  1         Vhat  are  they 
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hoofa  of  animals,  and  evaporatieg  the  solution.  Its  use  is  well 
known.  Idn^lass,  which  is  a  very  pure  variety  of  gelatine,  is 
prepared  from  the  sounds  of  fish  of  the  genus  acipenser,  especially 
from  the  sturgeon.  The  animal  jelly  of  the  eonfeotionera  is  made 
from  the  feet  of  calves,  the  tendinous  and  ligamentous  parts  of 
which  yield  a  large  quantity  of  gelatine. 

Celfitine  is  insoluble  in  alcoliol,  butia  dissolTeil  readily  by  raost  of  tha 
diluted  ncide,  whioh  form  an  eicellent  solvent  for  it. 

Geiatiua  aiEuiifests  little  tandenoy  to  unite  with  motallio  oxidoa.  Coi'- 
i-oaive  sublimate  and  aeetale  of  lead  do  not  occasion  any  precipitate  in  a 
solution  of  gelatine,  and  the  salts  of  tin  and  silyer  affeot  it  very  sliglitly. 

By  boiiing  gelatine  with  dilute  aulpburio  aeid,  and  precipitating  the 
acid  with  chalk,  a  sweet  orystaline  compound  ia  obtained  called  giycocoll 
(glulcas,  sweet,  nni  kaUa,  glue),  or  gelatine  sugar,  the  composition  of 
which  ia  C.HbNO^. 

The  action  of  tannin  or  tannic  acid  (684)  npoa  gelatine  is  peculiar  and 
important,  reaulting  in.  the  pi'oduction,  in  oartain  oases,  of  the  well 
known  and  most  uaeful  snbstanoe,  leather. 

Leather  ia  nsually  formed  by  subjeoting  the  skins  of  animals  for  some 

time  to  aa  infusion  of  bark  which  contains  a  large  propoi'tion  of  tannic 

acid;   and  the  chief  ohamioal  change  which  takes  place  is  believed  to 

a  nnion  of  this  aoid  with  (he  gelatine  of  the  sldn.     This  is  the 

mm  n  eather  of  which  shoes  are  made :  other  varieties  of  this  uaaful 
nre  are  prepared  by  diffei'ent  modea.    Glove-leather,  for  Instance, 

p  p  ed  by  impregnating  the  sldn,  after  having  been  deprived  of  all 
ta  y  matter  by  soaking  in  a,  weak  alkali,  with  aolution  of  common 
SI  d    lum,  from  which  chloride  of  aluminum  is  formed,  and  unites 

h  h   gelatine  of  tha  akin. 

27  Brain  and  Nerves. — The  substance  of  the  brain,  nerves, 
and  spinal  marrow  differs  from  that  of  all  other  animal  textures. 
The  white  and  gray  portions  differ  essentially  in  their  Eature, 
but  are  composed  chiefly  of  water,  albumen,  a  fatty  matter,  and 
traces  of  phosphates  and  other  salts.  Only  about  one-fifth  of  the 
whole  is  solid  matter.  Tlie  fatty  matter  is  peouliar,  and  is  quite 
unlike  that  of  other  parts  of  the  system.  The  phosphorus  in  the 
brain  is  said  to  amount  to  3  or  4  per  cent,  of  all  the  solid  matter 
contained  in  it. 

761,  T!ie  Bones. — The  bones  of  animals  consist  of  earthy 
matter,  whiJi  is  chiefly  phosphate  and  carbonate  of  lime,  and 
animal  miitei,  which  is  essentially  the  same  as  cartilage.    -Thcge 

QurtTicKS  — Wl  it  is  said  of  the  action  of  tannic  acid  upon  gelatine? 
How  js  leather  pieparcd!     761.  What  is  said  of  the  composition  of  the 
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may  easily  be  separaUd  from  each  other.     To  separate  the  solid 
i)  d  li    b  me 
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chiefly  hable,  there  is  a  deficiency  of  earthy  nutter  in  the  bones, 

mid  they  are,  in  consequence,  weak,  and  incapable  of  affording  the 

necessary  support  to  the  system, 

IJotn  diEfBTs  from  bone  in  oontainiag  only  a  ti-ace  of  earth.  It  oonasta 
diiofly  of  gelatine  and  a  cartilngitious  substance  like  coagulated  albumen. 
The  oomposition  of  the  nails  and  hoofa  of  animals  is  similar  to  that  of 
horn ;  and  the  cntiole  belongs  to  the  WMoa  class  of  substances. 

7113.  ^he  hair  Boems  to  hare  eEseutially  the  some  oomposifjon  as  hoi'ii, 
but  the  color  is  occasioned,  by  an  oil,  irhioh  is  soluble  tc  ether,  and  niaj 
therefore  be  remoTed  by  ii.  It  cootj^ns  sulphur,  and  is  therefore  blaok- 
oned  by  nitrat«  of  silver,  or  other  metallic  sijt. 

When  horn  or  hair  is  heated,  it  is  first  fused,  and  ihen  swells  np, 
giving  off  carbouato  of  ammonia,  and  carbnrettod  hydi'ogea,  the  lost 
of  which  takes  fire,  and  burns  with  a  brilliant  flame. 

Skella  are  composed  of  a  mixture  of  phospbate  and  aarbotial«  of  lime. 
'I'lie  shells  of  the  crostaoen,  as  lobsters,  crabs,  &o.,  usually  contain  4  or 
0  yer  cent,  of  phosphate  of  lime,  and  60  or  60  par  cent,  of  tbe  carbonate, 
the  rest  being  auiojal  matter.  The  shells  of  the  molusco,  as  the  oyster 
and  clam,  are  nearly  pare  carbonate  of  lime,  containing  only  a  mere 
tiaoe  of  animal  matter. 


763.  The  support  of  life  in  animals  is  attended  by  many  chemical 
phenomena,  which  are  constantly  taking  place  in  every  part  of  the 
body,  hut  especially  in  tho  blood,  the  lungs,  the  digestive  system, 
and  in  the  glands.  The  substances  t^ken  into  the  mouth  are 
rnodified  in  the  process  of  digestion,  and  distributed  to  every  part 

Questions.  —  How  does  torn  differ  in  compositiou  from  bones  J 
Ttili.  What  ia  said  of  hair?  7fi3.  What  is  said  of  tho  chemical  cliangos 
which  take  place  in  the  system  ? 
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by  the  ciroalation  of  tho  bloocl,  where  they  come  in  contact  with 
oxygen  received  from  the  air  ia  the  lungs.  Among  these  dif- 
ferent principles,  received  in  the  processes  of  nutrition  and  respi- 
ration, important  chemical  changes  are  taking  place,  by  which  the 
animal  heat  is  kept  up,  and  the  waste  of  all  the  various  tissues 
supplied,  andj  indeed,  all  the  animal  funotiona  supported. 

The  blood  of  the  different  orders  of  animals  is  not  the  same, 
but  we  propose  here  to  speak  of  that  of  tho  higher  orders,  or 
vertebrated  animals,  in  which  it  is  always  of  a  red  color. 

In  these,  the  blood  whioh  is  brought  from  the  lungs,  and  pro- 
pelled by  the  heart  through  the  arteries  to  every  part  of  the 
system,  is  of  a  bright  red  or  soarlet  color,  and  is  called  arterial 
Mood  ;  but  as  it  is  returned  to  the  heart  by  the  veins,  to  be  again 
sent  to  the  lungs,  it  is  of  a  dark  red  or  purple,  and  is  called  venous 
hhod.      The  blood  is  therefore  of  two  kinds ;   but,  cheuiically, 


of  blood  aiB  tiere .  7b4.  WLat  is  said  of  the  composition  ol  the  blood  . 
How  does  it  appear  ithon  iriewed  by  tho  miorosoope?  Wha.t  is  the  foi-m 
of  these  corpuscles  f    I'beir  eize  ? 
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These  diaos  vary  considerably  iq  size  la  the  Hood  of  different 
aoimals,  being  considerably  amaller  in  the  blood  of  tbe  common 
domestic  animals  tlian  in  man,  but  larger  and 
of  an  oval  form  in  oviparous  vertebrates.    They 
a,ro  larger  in  the  blood  of  the  elephant  (see 
'gin)  tban  in  that  of  any  other 


the  blood  is  withdraw.n  from  the 
discs  or  globules  contract  into  a. 
coagvlum,  which,  by  standing, 
entiielj  separates  from  the  liquid  serv.m.     This 
UisBiephant.  IS  a  thm  yellowish  liquid,  of  sp.  gr.  about 

1  03,  and  coaguhtes  when  heated  to  about  140°.  It  has  a  slight 
alkaline  reaction,  owing  to  the  presence  of  soda,  and  contains  a 
considerable  quantity  of  ilbumen. 

In  (he  living  body  the  blood  also  contains  fibrine  in  solution, 
which,  however,  soon  separates  from  the  coagulum  after  its 
extnotion  frtm  the  system.  Various  salts  also  are  found,  as 
common  salt,  phosphates  of  lime,  magnesia,  and  ammonia,  and 
lactates  of  soda  and  magoesia. 

The  relfttiTe  proportion  of  the  ingreclienta  of  the  blood  mnst  neoes- 
aarily  yary,  inaependently  of  disease,  even  in  the  same  iadividnal, 
aeoording  as  the  nutrtlion  is  scanty  or  abnndant.  Slight  Tftriatioos  are 
iIeo  oocaaional  by  differenee  of  age  and  sex. 
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The  following  table  ooutiins  tbo  results  of  sereral  analyses  of  blood : — 


Chlorides  of  sodium  und  potassium  6 

Laatatfl  of  soda  and  extraotive  maCtei  4 

Soda  and  phosphate  of  soda  41 

Loss  _  09 

100  00 
The  talmng  mailer  of  the  llool  is  oonfii  el  entirely  to  the  disos  or 
c  ;  u'icles  Sfoken  of  above,  ani  Ii3,9  been  called  henilosim  In  man; 
ot  its  prcpcities  it  closely  leaembles  albumen  It  a  composed  of  oarboti. 
hydrogen,  t  itrogen,  osjgen,  and  iron,  the  latter  of  whii,h  constitutes 
between  sis  and  seren  poc  cent. 

766.  Goagulation  of  the  Blood. — The  coagulation  of  the  blood, 
to  whiok  allusion  has  already  been  made  (765),  consists  in  tlio 
agglutination  of  the  fibriae  it  contains,  bj  which  the  red  globules, 
and  other  suspended  particles,  are  inclosed,  foriniog  the  clot. 
The  time  required  for  the  coagulation  of  the  blood  depends  much 
upon  temperature,  being  promoted  by  heat  and  retarded  by  cold. 

The  process  ia  also  influenced  by  exposure  to  the  air.  If  atmo- 
spheric air  be  escluded,  as  by  filling  a  bottlo  completely  with 
mtly-drawn  blood,  and  closing  the  orifice  witb  a  good  stopper 


coagulation  is  retarded.     It  is 

1  singuli 

ir,  however,  that  if  blood  be 

confined  within  the  exhausted 

ir  of  an  air-pump,  the  coaga- 

lation  is  accelerated 

Some  substance 

or 

entirely  prevent  it 

de 

of  sodium,   hydroo 

3f 

potassa.     The  ooag 

and  the  sulphates 

od 

of  persons  who  ha 

da 

of  poison,  or  from  mi 

mtal  emotion,  is  ■ 

usually  found  in  a  fluid  state. 

Phenomena,  of  Digestion. 

767.  Digestion  is  the  process  by  which  the  food  is  fitted  to 
nourish  the  system,  and  supply  the  constant  waste  that  is  required 
,for  the  support  of  the  powers  of  life.     The  blood  is  the  agent  by 
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wliKh  the  matttr  required  fjr  llip  ■(uppuit  rf  tlio  FT'teiu  is  sup- 
plied ti  thp  various  pjita  wteie  it  i"  needed,  but  it  i'.  finm  the 
food  that  it  H  first  reujived 

768  The  Sahva  —The  siliva  h  a  slifrhtly  visfi.I  liquid,  so 
Crete!  by  heveral  ghnds  about  the  mouth,  called  (he  sahviiy 
ghnda  It  senea  to  keep  the  mouth  constantly  moiat,  and  the 
sl^l  t  or  even  thonglit  if  food  cauaes  it  to  flow  rapidly  in  the 
looutb  Besides  water,  and  a,  smill  qnantity  of  Beveral  salts,  it 
contains  a  pLCuhir  principle  called  pl^ahne,  which  may  be  pre 
cipitated  fiom  it  by  absolute  alcoho! 

The  uie  ct  the  filiva  la  to  mix  with  the  food  dunng  misti- 
catnn,  and  form  a  wft,  pulpy  masa,  suitable  to  bo  bwallowed 
Probably  it  aids  also  m  the  piocess  of  digestion,  by  fitting  the 
iood  to  be  mori-  itadily  acted  on  by  the  luices  of  the  stomach 

The  salira  is  oftan  muoh  affootpd  liy  disease  nnd  oi,oi"  ni  s  the  ha  I 
tttsta  in  the  montli  eapei-ially  on  rising  in  tlie  muruiug  In  some 
diacttsna  as  mfei  tnitfent  fevei,  it  is  olteii  vevr  acid 

769  The  GmliiL  Jui^e—The  gastiie  juice  is  au  acid  flu  d 
secreted  by  the  coits  of  the  stomach,  aod  contains  in  =olutnii 
several  salts  mums  albumen,  and  a  nitrogenized  substance  eilled 
ptpsiiie  It  has  the  property  of  softening  down  ind  diisulving, 
more  or  less  petfeotly  ill  the  various  substanoss  which  serve  for 
food.  When  the  food  is  introduced  into  the  atoraacb,  it  is  there 
intimately  mixed  with  this  juice,  by  the  agency  of  which  it  is 
converted  into  a  somi  fluid  matter  called  chj/me.  That  this 
change  is  owing  to  the  solvent  power  of  the  gastric  juice  has  been 
fully  determine  \  ind  it  seems  to  be  well  established  as  a  further 
faet,  that  the  gastno  juice  secreted  in  the  stomaohs  of  animals 
of  any  species  is  especially  adapted  for  dissolving  the  particular 
kind  of  food  upon  which  the  species  usually  feed. 

While  the  food  is  in  the  stomach,  it  is  constantly  kept  in 
motion  by  a  peculiar  movement  of  tho  muaoular  walls  of  the 
intestine,  called  its  peristaltic  motion.  This  has  the  effect 
thoroaj^bly  to  mix  every  part,  and  also  to  propel  the  mass  slowly 
forward. 

Questions. ^768.  Describe  the  enliva.  What  pui-poae  does  it  servo? 
7G9.  By  what  ia  the  gasti'ic  juioe  aecreted?  What  pui'poso  does  it  aei-ve' 
WhiitiscAywE; 
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The  chyme,  a^  it  paaaca  from  the  stomach,  appears  is  1 1  onio- 
geneou^,  semifluid  maS3,  but  it  has  rei-ently  been  found  that 
the  Bolvpnt  action  of  the  gastui-  juioe  ig  chiofly  braited  to  the 
mtiogenizel  part  of  the  fluid,  aa  the  nlbumen,  fibrine,  &o  ,  the 
HOD  nitrogenized  parts,  aa  the  starchy  and  fatty  eompounds,  being 
only  mechan  oally  di\  ided  and  mixed  up  with  the  m  iss 

From  the  stomach,  the  chyme  passes  to  a  large  lotestice  called 
the  duudenum,  whtrt  it  is  subjected  to  the  action  of  two  other 
fluids,  the  bile  and  the  panrrealie  juice,  which  wo  will  now  pro- 
ceed to  consiior 

770.  The  £i7e.— The  bile  is  a  liquid  secietcd  by  tl  1  ver  and 
preserved  in  the  gall-bladder,  which  whoa  the  stoma  h  is  filled, 
ia  slightly  pressed  and  made  to  discharge  its  contents  through  a 
small  duet  into  the  duodenum.  It  i'  of  a  yellow  oi  gieenisb- 
ycllow  color,  and  has  a  peouliar  siehpniag  odor  and  a  ta'.te  at  first 
sweet  and  then  bitter,  but  esceedingly  nauaeou,i  Its  co  sisti,nce 
is  variable,  being  sometimes  limpid,  but  more  commonly  viscid 
and  ropy.  It  contains  a  peouliar  principle  ealli-d  cholnstenne  and 
two  organic  acids  called  the  cholic,  and  ckok  c,  both  of  which  are 
in  combination  with  soda. 

It  seems  now  to  be  very  well  determ  ne  I  that  Dne  if  not  the  chief, 
purpose  served  bj  the  bile  ia  to  aid  in  U  e  d  aestin  i  of  the  f  itty  ai  d  oily 
snbatanoes  Mien  for  food.  In  conneot  a  with  the  pantio  t  o  jm  e,  it 
also  aids  in  the  separation  of  the  chjla. 

BUiary  ealcuU  are  ooneretions  which  ooeasionallj'  form  in  tie  gall- 
bladder, or  duot  leading  from  it.  They  diifer  much  in  oomposition,  but 
not  unfrequently  Uiey  are  composed,  in  great  part,  of  cholestorine. 

771.  The  Pancreatic  Juice. — This  is  a  secretion  of  a  certain 
orgnn  called  the  pancreas.  It  ia  a  limpid,  colorless,  alkaline 
liquid,  with  a  saltish  taste,  like  that  of  the  serum  of  the  blood. 
It  is  slightly  viscous,  and  coagulates  by  heat,  and  by  the  acids. 

The  pancreatic  juice  is  poured  into  the  duodenum  at  the  same 
time  with  the  bile.  Both  of  these  liquids  act  energetically  upon 
fatty  and  amylaceous  subatanoea,  and  produce  important  changes 

Questions, — What  fluids  are  poured  into  the  blood  next  after  it  leaves 
tlie  atotoaoh!  770.  By  what  organ  is  the  bile  secreted?  Describe  it. 
What  eonipounda  are  conlained  in  itf  What  purpose  is  served  by  it! 
771.  What  is  the  character  of  Ihe  pancreatic  juicot 
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in  them,  by  which  they  ure  prejwired  to  enter  into  the  civeuliitlng 
system. 

We  have  seen  that  the  substances  taken  for  foo<3,  after  Laying 
been  acted  upon  in  the  stomaoi;  by  the  gastric  juice,  and  reduced 
to  a  homogeneous  mass  called  chyme,  pass  into  the  duodenum, 
where  the  mass  receives  the  bile  and  the  pancreatic  juice ;  imme- 
difltely  a  change  takes  place,  and  a  milky  liquid  appears  diffused 
th      gh  tb  called  cht/J''       This  is  the  part  of  the  food, 

wh  h  psshbpep  r  the  nourish- 

in  h  rob  ghwfi         efuse  matter; 

d    -is    h     m        p  h        h  1  canal,  it  is 

b     b  d  m  p  to      ^  side,  called 

d  d        h  m  mm  r,  the  thoracic 

F    m  d     h        d  h  bclavian  ■vein, 

db  pdwhhbd  a  part  of  its 

fig  p  its  functions. 


QncTi.KB.  What  is  the  chyU  What  pnrpose  doea  it  servo!  ITow 
is  it  contayed  to  the  blood?  772  Do  all  oi^aniisit  bodits  require  tlio 
constant  presence  of  air?  Whnt  parpose  is  seryed  by  the  lungs  of  ani- 
mals t    What  important  olianges  attend  the  KBpiraiion  of  animals? 
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To  show  tho  preaenco  of  carbonic  acid  in  tho  air 
espelled  from  the  lunga,  it  ia  only  necessary  to  apply 
B  small  tube  ta  the  mouth,  and  blow,  a  few  seconds, 
ill  to  Bome  recently-prepared  lime- water ; — the  earbonio 
aoid  in  tlie  air  Itom  tJie  luags  trill  unite  wit^  the  limo, 
forming  carbonate  of  lime,  which  ^vea  the  solution  a 
milky  appearance.  It  ia  true,  there  is  a  little  oarbouio 
acid  in  Uie  nii:  before  it  is  taken  into  the  lungs ;  but  wiiilo 
tlierethe  quantity  ia  very  considerably  inoreased.  This 
in  shown  satisfactorily  by  blowing  in  the  aame  manner 
by  a  haiid-bellowa  into  another  porlioa  of  lime-water, 
KliBn  it  will  iie  found  that  a  muoh  longer  time  ytiU  be 
required  to  produce  the  milkiness  alluded  to  (304)  UmnHtwr  ' 

773  The  cbaoge  m  the  hlond  fiom  thp  venous  to  the  irtornl 
state,  IS  effected  in  the  livmg  animal  duiing  the  pissige  of  the 
blood  throuoh  the  capillary  vesseh  of  the  lungs,  wheie  it  is 
exposed  to  the  action  of  an  extenaive  surface  ot  atmospheric  air, 
through  the  thiu  memhranes  which  aepirate  these  from  the  air- 
^csseh,  ind  the  artona!  blood,  m  traTeiamg  the  capilliry  syatetn 
ot  the  body,  iminrlmg  nourifehment  to  it,  gridually  assumes  the 
dirL  cojoied  condition  in  which  it  is  returned  to  the  heirt  by  the 
vcin'i  The  samo  change  i3  produced  when  venous  blood,  just 
taken  from  the  sjslem,  is  biought  la.  contact  with  atmospheric 
air,  and  is  attended  with  the  evolution  of  cirbonio  acid  gi'^  It 
takes  plate  more  speedily  when  air  js  agitafed  with  blood ,  it  is 
still  more  rapid  when  pure  osygen  is  substituted  for  atmosphtno 
an ,  and  it  does  not  occur  at  all  whon  oxygen  is  entirely  excluded. 
The  quantity  of  carbonic  acid  developed  very  exactly  corresponds 
with  that  of  the  oxygen  which  disappears. 

The  quantity  of  osygan  withdrawn  from  the  atmosphere,  and  of  car- 
bonic acid  disengaged,  is  yiriable  in  different  individuals,  and  in  tho 
same  indiyidual  at  different  times,  depending  very  much  upon  the  state 
of  the  system.  In  a  state  of  health,  anything  iiat  aoceleralea  I3ie  respi- 
VfLiion  increases  the  amount  of  oxygen  absorbed,  and  the  quantity  of  car- 
bonic acid  eihnled  ;  but  in  certain  cases  of  disease,  na  in  inflammatory 
favors,  though  the  reapiration  may  be  vei^  rapid,  hf  tie  oiygen  is  with- 
drawn from  the  air,  and  the  yenons  blood  ia  found  to  be  very  florid. 


Questions. — How  may  tho  preaenoe  of  carbonic  acid  in  the  air  ex- 
haled ftom  tie  lungs  bo  ehownt  773.  How  is  the  change  in  the  blood 
tVom  the  venous  to  the  arterial  state  effected  ?  What  change  ia  again 
produced  in  tho  blood  as  it  circulates  through  the  system  ? 
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of  the  systeai.     Tho  latter  may  therefore  be  oallcd  the  dements 
of  respirati'm,  and  the  former  elements  of  nutrition, 

775.  The  combustion  of  carbon  and  hydrogen  in  the  open  air, 
as  is  well  known,  is  always  attended  by  the  evolution  of  beat; 
and  the  same  efiecit  is  produced  in  the  system  when  these  sub' 
stiincea  unite  with  the  oxygen  introdnoed  into  the  blood  in  tho 
process  of  respiration.  The  only  essential  differenee  is,  that  in 
combustion  the  process  is  more  rapid,  and  the  heat  produced  pro- 
portionally more  intense;  but  the  absolute  quantity  of  heat  pro- 
diu'ed  by  the  consumption  of  a  given  amount  of  carbon  or 
hydrogen  is,  in  ail  probability,  always  the  same. 

We  here  find  the  origin  of  the  carbonic  acid  which  is  given 
off  during  respiration,  and  also  by  the  insensible  perepiratioa 
from  the  skin,  while  the  water  produced  by  the  combustion  of  the 
hydrogen  nnit«s  with  the  large  quantity  ever  present  in  all  parts 
of  the  body. 

Wa  see  Uiecefnre  that  the  oxTgen  of  the  air  is  tending  to  consmne  all 
1  g  be  ngs  as  eallj  as  f  they  weie  in  a  burning  lira;  in  fa,et^  this 
CO  ennptoB.'wl  oh  a  a  k  nd  of  ooub  ation,  ia  OTer  going  on  while 
va.  p  ration  contin  e  To  keep  up  the  combustion,  a  oonatant  supply 
of  fuel  la  neede  1,  wh  cU  s  found  n  the  respiratory  food,  iie  before 
titel  and  when  these  elements  actor  nto  combination  within  tbe  ani- 
n  il  Bj  tern  beat  a  a  neoessa  ly  developed  as  when  tho  Eamo  thing 
t  fees  pi  oe  n  the  open  a  r    n  o  ■d  na  y  combnslJoa. 

776    U      ftirt'ihA     nalE  — TI     f  t      d 

1  d  Iptob  fp  fdld 

b  fi^hf  fmfdn 

11  k  h         hfd  bd  ]i     i      w         1 

h         g       ^    d    l!y  d        y     h        h        ppl      f  f  od 

b  d  fi  Wh        h        pply    f  f    d         h  11         hh  Id 

fiom  an  animal,  theiat  rapidly  disaj.  pears,  \Li  caibin  an  1  hydrogen 

going  to  supply  the  demands  of  respiration ;  and  when  this  has 

all  been  consumed,  the  substance  of  the  muscles  is  attacked, 

which  become  lean  and  flaccid,  and  lose  their  contractile  power ; 

and  at  length  the  brain  and  nerves  yield  to  the  same  infiuenoe, 

Questions. — 775.  What  always  attends  the  combuslion  of  carbon  and 
Iiydrogon!    Is  the  same  effect  produced  in  the  animul  system?    776.  What 
purpose  is  servetl  by  the  fat  in  tbe  animal  systoiB  !     Wliat  booomea  of  tha 
lut  when  tbo  supply  of  food  is  short! 
43* 
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and  death  speedily  closes  the  scene  of  sufferivig.  In  animals  that 
lie  torpid  liunng  the  winter,  niture  bai  provided  that  in  the  sum- 
mer season  a  large  at. cumulation  of  fit  is  laid  up  to  supply  the 
demand?  of  lespiration  duiing  the  time  tbey  lie  torpid  in  their 
dens;  and,  on  the  approach  of  the  wirm  weather  of  spring,  thej 
sre  consequently  found  lean  and  weak 

It  is  important  to  obherre  (hat  the  compoailion  of  the  nitrogcnijetl  food 
oonMstmg  chiefly  of  the  proteine  oomponnds  and  goiatino,  is  tha  same  a 
tliat  of  many  of  tha  tiesues,  the  waste  of  which  it  supplies ;  and  it  is  the 
opinion  of  many  that  these  oomponniSs  are  Dover  producod  in  the  smimiv' 
system,  hut  are  appropriated  directly  from  the  food,  nnchanged. 

It  is,  however,  finown  that  some  snbstanees  are  forraed  in  the  aystom 
from  the  materiajs  supphed  by  the  food.  Thus,  it  has  been  foaud  that  a 
lean  goose,  fad  on.  Indian  corn,  will  in  a  few  days  increase  in  weight 
EaTerai  pounds,  in  oonsequenco  of  the  fat  that  ■will  be  formed  in  the  sys- 
tem, ■which  mnst  have  been  contained  in  the  com,  or  formed  from  the 
Bubstanoe  of  the  oom  hy  the  organs  of  the  animal.  Now  that  the  most 
of  it  hna  been  formotl  in  the  latter  mode  is  certain  from  the  fact  that  all 
the  oil  or  ffttty  matter  contained  in  the  oorn  will  amount  on?y  to  a  amail 
fraction  of  tlie  fat  found  in  the  goose.  80  bees  wil]  form  was  when  fed 
on  pure  honej  or  pure  sugar.  It  has  been  found  by  experiment  that  foi 
twenty  parts  of  honey  eonsumeil  they  will  form  about  one  part  of  wai. 


TIONS    NOT    BBFOKE    HOTIOED. 

777.  MiUc.  —  This  well-liaowtt  liquid  is  secreted  hy  females 
of  the  class  mammalia,  for  the  support  of  their  young.  It  is  of  a 
white  oolor,  and  is  o  little  heavier  than  water,  usually  haviog  a 
density  from  102  to  1'04,  Its  composition  varies  in  different 
animals,  and  also  in  the  same  animal,  according  to  the  food  that 
la  taken.  On  an  average,  that  of  the  cow  confains,  in  an  hun- 
dred parts,  water  874  parts;  butter,  4'0;  milk-sugar,  or  Inctine, 
and  soluble  salts,  5'0;  easeine,  albumen,  and  insoluble  salts,  3-6. 

When  milk  is  examined  hy  a  microscope,  it  is  found  to  be  a 
transparent  liquid,  with  numerous  minute  globuJes  floating  in  it, 
which  consist  chiefly  of  fiitty  matter,  and  which,  if  the  milk  stand 
at  rest  a  few  hours,  rise  to  the  surface  us  cream.  If,  now,  the 
cream  is  separated,  and  violently  agitated  for  a  time,  the  mem- 

QuEBTiONs — 777.  IVhat  substances  are  contained  in  cow's  lullli.     What 
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branes  enveloping  these  fatty  corpuscles  are  broken,  and  it  collects 
into  a  mass  of  batter,  whioli  floats  in  the  watery  liquid. 

Milk  is  cot  congulated  by  heat,  but  thia  effect  is  readily  pro- 
duced by  acids  and  by  rennet,  which  is  prepared  by  soaking  the 
inner  coat  of  a  calf's  utomach  in  water.  The  coagulum  so  formed 
is  called  curd,  and  when  pressed  and  otherwise  prepared,  con- 
etitutes  cheese. 

778.  When  milk  is  allowed  to  stand  some  hours,  at  a  tempera- 
ture of  between  60°  and  70°,  it  sours;  and,  on  examination,  a 
peculiar  acid  is  found  in  it  ealled  lactic  acid,  the  composition  of 
which  is  CsHaOe-  When  highly  concentrated,  it  ia  a  thick, 
colorless  liquid,  of  speeifio  gravity  1'21,  and  has  a  very  sour  taste. 
It  is  soluble  in  alcohol  and  water,  but  cannot  be  crystalized. 

Lactic  acid  may  also  be  formed  from  sugar  by  mixing  witk  it 
in  solution  some  curds  from  milk,  and  some  chalk  to  unite  witli  it 
ns  it  is  prodaoed,  and  allowing  the  whole  to  stand  for  some  time 
at  a  temperature  of  aboiit  80°  The  chunjical  chinge  that  takes 
place  appears  to  be  very  simple  is  an  atom  of  frmt-suifar  contains 
exactly  the  ingredients  of  two  atoms  of  laetn.  acid  Thus, 
G,aH,s,0,2  =  2CCBH606)-  It  IS  this  acid  which  is  contained  in 
the  gastric  juice. 

liwtio  acid  ia  also  formed  when  the  juices  of  befto  c-tvrots  &.c  , 
are  allowed  to  ferment  at  high  temperatuies  At  the  •same  time 
a  viscid,  slimy  substance  is  formed,  from  which  cucuraslanoe  this 
has  been  termed  the  viscous /i.)  mentatton 

Milk  may  also  be  made  ti  undeigo  the  \inous  or  alcoholic 
fermentation.  For  this  purpose  it  is  exposed  for  some  luurs  to 
a  temperature  of  about  100° ,  and  the  alcohol  which,  no  doubt, 
is  formed  from  the  milk-sugar  it  contains  may  subsequently  be 
distilled  from  it.  It  has  long  been  known  thit°TOL  harbarouf. 
nations  are  accustomed  to  piepare  an  intosioating  dunk  from 
milk,  by  some  fermenting  prot-e^'S 

779.  Lym'pk. — Lympb  is  a  wateiy  fluid  seoretfd  by  miny  of 
the  membranes;  it  lubricates  all  the  canities  and  mo  st^-ns  tie 

QcBSTiONS.— 778.  What  luiiil  is  formed  in  the  i 
it  ba  formed  from  sugnvt  Mny  milk  bo  mode  ti 
fei-mentalion  ?     779.  What  is  Ijmpli ! 
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cellular  tissues  of  the  body  It  mu;,h  rehembles  the  scrum  of  the 
blood,  and  mixes  readily  with  water  SometmiLS,  in  discises, 
this  liquid,  or  a  liquid  analogous  to  it  is  SLori-tcd  in  one  or  more 
organs,  so  abundautly  as  to  constitute  diojsy 

780.  Urine.— This  is  a  yUIowish  li-juid,  se&n.t(.d  ly  tho  kid 
noys,  by  which  various  substance  conslaotly  icouiiiulatmg  id  the 
blood,  are  separatod  from  it  danng  the  healthy  state  of  the  eys 
tem.  This  excretion  is  essential,  as  without  it  the  subitanees 
tlius  thrown  off  would,  in  a  short  time,  a(,oumu3ite  in  such  quantity 
ae  to  destroy  life.  It  has  usually  a  "iipeoifio  gravity  of  about  1  02, 
and  consists  of  water,  holding  in  solution  a  small  portion  of  ttrea 
and  several  different  salts,  as  well  as  a  little  froo  acid,  from  which 
it  acquires  an  acid  reaction.  A  little  mucus  is  also  usually  pre- 
sent, derived  from  the  urinary  passages ;  and  in  consequence  of 
this  it  putrefies  if  kept  for  a  time  at  a  summer  temperature, 

The  quantity  of  the  urine  is  affected  by  various  causes,  espe- 
cially by  the  nature  and  quantity  of  the  food  and  the  liquids 
received  into  the  stomach ;  but  on  an  average,  a  healthy  person 
voids  between  thirty  and  forty  ounces  daily.  The  quality  of  this 
fluid  is  likewise  influenced  by  tho  same  oireum stances,  being  some- 
times in  s.  very  dilute  state,  and  at  others  highly  concentrated. 

The  urine  of  birds,  insects,  and  reptiles,  is  solid,  and  consists 
chiefly  of  urate  of  ammonia.  Guano,  which  has  been  so  largely 
imported  within  a  few  years,  to  be  used  as  a  manure,  is  composed 
chiefly  of  the  urine  and  other  esoremects  of  birds,  which  have 
been  collecting  for  ages  in  the  places  where  they  are  found.  It  is 
imported  chiefly,  if  not  entirely,  from  islands  on  the  coast  of 
Afiica,  and  the  west  coast  of  South  America. 

781.  Urea,  C,H4NA  =  CyO,NH,  +  HO— This  substance  is 
always  found  in  healthy  urine,  and  may  also  be  prepared  arti- 
ficially. Its  crystals,  when  pure,  are  transparent  and  colorless, 
of  a  slifiht  pearly  lustre,  and  have  commonly  the  form  of  a  four- 
sided  prism.     It  leaves  a  seasation  of  coldness  on  the  tongue,  like 

IJiTESTiONa. — 780.  What  pm-poso  ia  sencd  in  tlie  animal  syslcni  hy  tlio 
seoTOtion  of  the  m-ine?  What  is  guano?  781.  From  ivhat  is  urea 
obtainei3  ? 
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